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ABSTRACT: 
 
Purpose and Study Design: Prospective cohort st udy to explore the clinical treatm ent 
effect of mechanical vs. manual manipulation for acute low back pain. 
Methods: 92 patients with a history of acute low back pain were recruited from three 
private chiropractic offices. Two of these offices  utilized manual lum bar manipulation and one  
used mechanical instrument manipulation (Activat or) as th eir primary modes of treatm ent. The 
chiropractors used a “treatm ent as usual” pro tocol with the p articipants for a maximum of eight 
visits or four weeks, which ever occurred firs t. Primary and secondary outcom e measures were 
the differences in pain and Oswestry scores from baseline to four weeks, respectively.  
Results: Socio-demographic characteristics of the two cohorts at  baseline were not found 
to show any significant differen ces between the groups except fo r age. The Activator cohort had 
a sign ificantly highe r utilization of  adjunctive modalities a nd x-rays,  with a m ean num ber of  
office visits about twice that of  the m anual manipulation cohort at four weeks. The pain scores 
decreased in both groups with th e manual manipulation group showing a slightly greater amount 
of pain reduction at four weeks, but this diffe rence did not reach statis tical sign ificance after 
controlling for baseline pain. The m anual m anipulation g roup also sh owed a slig htly g reater 
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reduction in Oswestry scores from baseline to four-weeks, but this difference was not statistically 
significant after adjusting for baseline Oswestry score. 
Conclusions: In this observational study of treatment-as-usual there was no significantly 
greater reduction in pain scores or Oswestry  scores between the m anipulation and Activator 
groups at four weeks. There were m any di fferences between the Activator and m anual 
manipulation groups with respect to treatm ent beliefs and  expectation s, m odality usage, and 
frequency/duration of care, whic h are potential sources  of confounding in th e interpretation of 
these results. This study provides important pilo t data and research issues for the design of a  
future randomized clinical trial that can control for these issues of confounding variables. 
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1.0  INTRODUCTION 
1.1 LOW BACK PAIN AND MANIPULATION 
Low back pain has become a s erious publ ic health issue in the United States and many 
other Western societies for three basic reasons, the first of which is the large prevalence of low 
back pain in American society. The general yearly pr evalence of l ow ba ck pa in in t he U .S. 
population is estimated at 15-20% and among working-age adults at 50% (1). Back pain is the 
most common cause of disability for persons under the age of 45 and the second most common 
reason for of fice vi sits t o pr imary c are ph ysicians (2). T he s econd r eason i s t he hi gh r ate of  
disability a nd a ctivity intolerance due  t o l ow back p ain. A  systematic r eview of  population 
prevalence studies of low back pain revealed the following: point prevalence ranged from 12% to 
33%, one-year prevalence ranged from 22% to 65%, and lifetime prevalence ranged from 11% to 
84% (3). The t hird r eason i s i ncreasing e vidence t hat l ow ba ck pa in i s not ne cessarily a  s elf-
limiting disorder. One recent study showed that in patients who experienced low back pain for 
greater than thirty days, 40% continued to have symptoms for another one to five years (4). 
 
In 1994, t he Agency for Health Care Policy and Research (AHCPR) published clinical practice 
guidelines for the management of acute low back problems in adults based upon a careful review 
and meta-analysis of  t he l iterature on va rious t reatments f or l ow ba ck pa in (1). The AHC PR 
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guidelines were the  first time  tha t a n official g overnment he alth agency r ecommended 
manipulation as a primary treatment for patients with acute low back pain. During the past ten 
years, since the publication of these AHCPR guidelines, many additional clinical trials have been 
published that continue to show significant benefits of  spinal manipulation for certain t ypes of 
low back and neck pain.  These t rials have been the subject o f several systematic reviews and 
meta-analyses of the manipulation literature (5-12). 
1.2 DEFINITION OF MANIPULATION 
This i ntervention called “spinal manipulation” that appears t o be  so beneficial to acute 
low back pain sufferers is not a single treatment procedure. Spinal manipulation is an umbrella 
term tha t includes a mu ltitude of  different procedures that i ntroduce a va riety o f manual and 
mechanical forces into the musculoskeletal structures. Manipulation is practiced by a variety of 
clinicians, especially those in the professions of chiropractic, osteopathy, and physical therapy.  
 
An analysis by the editor of the Journal of Chiropractic Technique in 1993 stated that there were 
over 100 c hiropractic t echnique s ystems using a  va riety of  ma nipulative me thods a t tha t time  
(13). In an attempt t o better unde rstand chiropractic pr actice m ethods, t he N ational Board of  
Chiropractic Examiners (NBCE) conducted two national surveys of  the chiropractic profession 
in 1991 a nd 1998 from which data were obtained from questionnaires as to the most frequently 
used manipulative te chniques in clinical practice (14, 15). These r esults i ndicated that 
chiropractors on average used seven separate manipulative techniques in their practices. The two 
most c ommonly-used m ethods w ere r eported a s D iversified T echnique, which ut ilizes manual 
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high ve locity l ow a mplitude ( HVLA) m anipulations; a nd A ctivator M ethods w hich ut ilizes a  
hand-held device to deliver a mechanical thrust in lieu of a manual thrust.  
 
 
 
1.3 MANUAL VS. MECHANICAL MANIPULATION 
“Diversified technique” is a chi ropractic t erm u sed to describe s everal types o f hi gh-
velocity low-amplitude (HVLA) thrust manipulations performed manually. Most of the literature 
regarding manipulation for low back pain describes some variation of HVLA manipulation with 
the patient treated in a side lying position. Traditionally, chiropractors have been trained to use 
chiefly HVLA procedures for most types of non-complicated acute low back pain, and a review 
of t he l iterature t ends t o s upport t his us e of  t he procedure f or t reatment of  l ow ba ck pa in. A  
typical side posture HVLA manipulation technique is depicted in Figure 1 below: 
 
Figure 1: Side posture manual manipulation 
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However, s ome c hiropractors a re r eluctant t o u se H VLA m anipulation w ith c ertain t ypes of  
patients, i ncluding t hose w ith os teoporosis, s pinal s tenosis, i ntervertebral di sc l esions with 
radiculopathy, and patients with high fear or anxiety about manual thrust techniques. Mechanical 
manipulation methods such as the Activator Instrument are more appealing for use in these cases 
as an alternative to traditional HVLA manipulation, with the be lief that the mechanical device 
may of fer a m ore controlled a nd s afer t hrust i nto t he s pinal s tructures (16). F igure 2 be low 
depicts an Activator Instrument manipulation applied to the abdomen of a patient lying supine: 
 
Figure 2: Activator instrument (mechanical manipulation) 
 
 
Although m echanical de vices s uch a s t he A ctivator Instrument a re us ed by a  l arge num ber of 
chiropractors with the belief that they are equally effective as HVLA manipulation, only a few 
small clinical tr ials comparing t hese m ethods f or l ow back pa in ha ve been publ ished with 
equivocal r esults due  to small s ample s ize and ot her m ethodological flaws (17, 18) . This ha s 
created a s ituation in which an estimated 31,00 0 c hiropractors (16) are us ing a m echanical 
instrument to manipulate the spine with little clinical evidence to support or refute their claims of 
therapeutic effectiveness for the use of such mechanical instruments. 
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1.4 STATEMENT OF PURPOSE 
There is  s trong evidence f or the  c linical ut ilization of ma nual H VLA ma nipulation 
methods f or t he t reatment of  a cute l ow ba ck pa in, but  onl y w eak e vidence for m echanical 
manipulation methods such as Activator (19, 20). Yet Activator is reported as the second most 
commonly us ed m anipulative m ethod w ithin the c hiropractic pr ofession, a nd i s g enerally 
considered a routine substitute method for manual HVLA manipulation (14).  
 
This disparity between the extremely high utilization rate of mechanical manipulation methods 
and the weak literature support for the use of such methods is striking. There is a need to fill this 
knowledge voi d b y exploring t he di fferences, i f a ny, b etween m anual a nd m echanical 
manipulation m ethods f or t he t reatment of  l ow ba ck p ain. Ideally t his w ould i nvolve t he 
implementation of r andomized clinical tr ials ( RCT) in which s ubjects w ith s pecific i nclusion 
criteria r elated t o l ow ba ck pa in a re r andomized i nto g roups r eceiving e ither m echanical or  
manual treatment methods. In the absence of funding for such RCTs, a preliminary step would 
be a  pr ospective c ohort s tudy i n w hich tw o similar c ohorts o f low  b ack pain patients are 
evaluated for t heir t herapeutic responses t o care i n clinics w hich specialize i n HVLA 
manipulation and Activator respectively. 
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1.5 SPECIFIC AIMS AND HYPOTHESES 
1.5.1 Specific Aim 1 
To pe rform i nter-examiner r eliability s tudies on  the  pr one le g le ngth analysis (Activator) and 
prone springing palpation for the lumbar facets and sacroiliac joints (manual manipulation). 
1.5.2 Hypothesis 1.1 
The existing literature reports good reliability for de termining the s ide of  l eg length inequality 
but mixed results for determining the magnitude of the inequality and other components of this 
clinical examination test. The data from this study will be analyzed and compared to the previous 
results of important studies in the existing literature. 
1.5.3 Hypothesis 1.2 
The e xisting lite rature r egarding prone l umbar s pringing pa lpation reports g ood r eliability f or 
pain pr ovocation, but  l ess r eliability for s egmental m obility t esting i n t he a bsence of  pa in 
provocation. The data from this study will be analyzed and compared to the previous results of 
important studies in the existing literature. 
1.5.4 Specific Aim 2 
To ga ther clinical i nformation on t wo c ohorts of pa tients w ith s ub-acute l ow ba ck p ain w ho 
subsequently receive two different types of manipulative treatment; standard side-lying manual 
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manipulation (Diversified) and mechanical manipulation with an Activator Instrument. The main 
outcome m easures w ill be  pa in and function as m easured by t he N umeric P ain Rating S cale 
(NPRS) and Oswestry Low Back Pain Disability Index ( ODI) a t ini tial int ake e xamination 
(baseline) and subsequent reexamination at four weeks. 
1.5.5 Hypothesis 2 
The null hypothesis is that there will be no significant difference between the two cohorts with 
respect to their NPRS and ODI difference scores compared from baseline to four weeks.  
1.5.6 Specific Aim 3 
To gather qualitative information from patients about their expectations and beliefs regarding the 
treatment they are about to receive. More specifically, patients will be asked about their feelings 
regarding manipulation in general, why they chose the particular cl inician they are seeing, and 
how they feel about “cracking” manipulations. 
1.5.7 Hypothesis 3.1 
The nul l h ypothesis is  tha t the  A ctivator a nd Diversified patient c ohorts w ill not  di ffer 
significantly in their underlying beliefs/expectations about the manipulation techniques they have 
chosen to receive, and those they have chosen not to receive. 
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1.5.8 Hypothesis 3.2 
The null hypothesis is that the level of expectation about treatment effect will not be correlated 
with changes in pain and function scores from baseline to four weeks. 
1.5.9 Specific Aim 4 
To gather psychosocial data regarding fear avoidance be liefs i n t he two cohorts b y use of  t he 
Fear Avoidance Beliefs Questionnaire (FABQ) at baseline and four-weeks. 
1.5.10 Hypothesis 4 
The null hypothesis is that there will be no significant difference between the two cohorts with 
respect to their FABQ scores at baseline and four weeks. 
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2.0  REVIEW OF THE LITERATURE 
2.1 HISTORICAL PERSPECTIVES ON MANIPULATION 
Manipulation of the lumbar spine has been practiced through-out recorded human history, 
with records as far back as the time of Hippocrates depicting manual manipulative interventions 
for l ow b ack p ain. T here i s w ritten and pi ctorial e vidence t hat s pinal manipulation ha s be en 
performed by people within the cultures of Europe, Asia, and the Middle East for thousands of 
years (21). In many European countries, the a rt of  manipulation was passed down through the 
generations as the practice of “bone-setting”. During the first half of the twentieth century in the 
United States, Europe, and Australia, manipulation surfaced again as a more “scientific” method 
of manual treatment, chiefly performed by chiropractors, osteopaths, and physical therapists.  
 
Each of these professions has authors who produced textbooks that described and illustrated the 
various m anipulation m ethods f avored b y t hose pr ofessions, a long w ith m any t heories a nd 
hypotheses about purported mechanisms of action for manipulation methods based upon mostly 
empirical clinical observation (22-27). The early manipulation literature (prior to 1970) consisted 
mostly o f t hese t extbooks a long with publ ished c ase reports, de scriptive s tudies, a necdotal 
clinical vignettes, and some low quality observational studies. The first fully indexed and peer-
reviewed chiropractic journal (Journal of Manipulative and Physiological Therapeutics) appeared 
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in 1978 a nd be gan t o s et a  m ore r igorous s tandard f or c hiropractic r esearch publ ications. 
Gradually, dur ing t he l atter pa rt of  t he c entury, r andomized c linical t rials a nd hi gh qua lity 
observational studies began to emerge in the chiropractic and health care literature regarding the 
use of manipulation for back and neck pain. 
2.2 SYSTEMATIC REVIEWS OF THE MANIPULATION LITERATURE 
As the number of higher quality research studies on manipulation and back pain grew in 
the medical literature, it became feasible for panels of researchers to perform meta-analyses and 
systematic r eviews of  t hese s tudies. A l east a dozen systematic r eviews of  t he m anipulation 
literature for low back pain have now been published in the period from 1992 to 2004 (5-10, 12, 
28-33), w ith t wo s ystematic r eviews publ ished i n 2004 a lone (7, 28 ) and t he m ost r ecent 
systematic review published in 2008 (34). 
 
The f irst me ta-analysis of  t he s pinal m anipulative t herapy (SMT) l iterature w as publ ished i n 
1992 b y Anderson et al  which systematically searched for all s tudies of  SMT published up to 
June 1989  (5). T he Index M edicus f rom 1980 w as e xpanded b y c itation t racking. T he 
Chiropractic R esearch Archives C ollection w as ut ilized a s a  r egularly upda ted bi bliographic 
source f or t he l ocation of r esearch publ ications. A  ha nd s earch of  pr ofessional c hiropractic 
journals w as a lso und ertaken, s ince a ll o f t hose j ournals w ere not  i ndexed i n t he s tandard 
biomedical literature. Studies in English with concurrent controls treated by methods other than 
SMT, including sham, produced 23 r andomized controlled clinical trials of the effectiveness of 
spinal m anipulation. M ost s tudies c ompared S MT t o a n a lternative t reatment. T his pr obably 
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obscured the effectiveness of  S MT s ince t he comparison treatments w ere p resumably also 
effective. These aut hors conc luded t hat SMT pr oved t o be  c onsistently more e ffective i n t he 
treatment of low back pain than were any of the other comparison treatments. 
 
Also i n 1992, S hekelle et al publ ished a com prehensive and systematic r eview o f t he S MT 
literature for l ow ba ck pain (12). T he a uthors identified a rticles t hrough a  M EDLINE s earch, 
review of  articles' bi bliographies, and a dvice from e xpert or thopedists and c hiropractors. A ll 
studies r eporting us e a nd c omplications of  s pinal m anipulation and all controlled trials of  the  
efficacy o f spinal manipulation were analyzed. 58 articles, including 25 controlled t rials, were 
retrieved. D ata on t he us e a nd c omplications of  s pinal m anipulation w ere s ummarized. 
Controlled trials of  efficacy were critically appraised for s tudy quality. Data f rom nine s tudies 
were c ombined us ing t he c onfidence pr ofile m ethod of  m eta-analysis t o estimate t he ef fect of  
spinal m anipulation on patients' pa in a nd f unctional out comes. They c oncluded t hat spinal 
manipulation w as of  s hort-term be nefit pa rticularly in those cases w ith uncomplicated, acute 
low-back pain. Data were insufficient concerning the efficacy of spinal manipulation for chronic 
low-back pain. 
 
Lawrence et al  publ ished a m eta-analysis of  the  S MT lite rature f or LBP i n 1993  (9). Articles 
were i dentified t hrough Index M edicus a nd a  M EDLINE s earch us ing t he M eSH t erms 
chiropractic, m anipulation, a nd ba ckache. A dditional a rticles w ere i dentified b y r eviewing t he 
bibliographies of retrieved articles and by consulting expert orthopedists and chiropractors. All 
RCTs e valuating t he us e of  s pinal m anipulation i n out patients w ere c onsidered, a long w ith 
important case series, textbooks, and reviews. All articles on complications of manipulation were 
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reviewed. 58 s tudies, i ncluding 25 r andomized c ontrolled t rials, w ere r eviewed. The a uthors 
concluded that the literature showed spinal manipulation increases the probability of recovery at 
3 weeks in outpatients with acute and subacute low-back pain. Data were insufficient to evaluate 
the efficacy for chronic low-back pain and back pain with sciatica. 
 
A 1995  article was publ ished by Assendelft et al who performed a meta-analysis of  al l of  t he 
systematic reviews o f the  ma nipulation literature (35). A tot al of  51 systematic r eviews w ere 
assessed, 17 of  w hich were n eutral a nd 34 positive, w ith r espect t o m anipulation s howing a  
benefit f or b ack pa in. T he m ethodological qua lity of t he s ystematic reviews was l ow, with a 
median score of 23%. Nine of the 10 methodologically best reviews were positive. Other factors 
associated with a po sitive r eviewers' c onclusion w ere r eview of  s pinal m anipulation onl y, 
inclusion of  a  s pinal m anipulator i n t he r eview t eam, a nd a  c omprehensive l iterature s earch. 
Although, in particular, the vast majority o f the  reviews with a relatively high methodological 
quality had a positive conclusion, these authors cautioned that strong conclusions were precluded 
by the overall low quality of the reviews. 
 
Koes, Assendelft, et al  published a follow-up article in 1996, t hat instead of a meta-analysis of 
other systematic reviews (like their 1995 article), was their own direct systematic review of the 
manipulation literature(8). T hirty-six r andomized clinical tr ials c omparing s pinal ma nipulation 
with other tr eatments w ere ide ntified. Nineteen s tudies ( 53%) s howed f avorable r esults f or 
manipulation. In addition, five studies (14%) reported positive results in one or more subgroups 
only. T welve t rials i ncluded pa tients w ith a cute l ow ba ck pa in onl y. Of t hese, f ive reported 
positive results, four reported negative results, and three reported positive results in a subgroup 
 13 
of t he s tudy popul ation onl y. T here w ere e ight t rials c omparing m anipulation w ith ot her 
conservative treatment modalities, focusing on patients with sub-acute or chronic low back pain. 
Of t hese, f ive r eported pos itive r esults, t wo r eported ne gative r esults, a nd i n one  s tudy no 
conclusion was presented. There were 16 studies that included an effect measurement of at least 
3 m onths. In s ix of  t hese t he authors r eport positive e ffects of  m anipulation. T he a uthors 
concluded that there were indications that manipulation might be effective in some subgroups of 
patients w ith l ow ba ck pain, bu t a gain e mphasized t he f act t hat t he m ethodological qu ality of  
manipulation trials was suboptimal and remained a critical aspect th at s hould be dealt with in 
future studies. 
 
A systematic review of randomized controlled trials was published in 1997 by van Tulder, Koes, 
and B outer (33). Their obj ective w as t o assess t he ef fectiveness of  t he m ost common 
conservative t ypes of  t reatment for pa tients with acute and chronic nonspecific low back pain, 
including spinal manipulation. A rating system was used to assess the strength of the evidence, 
based on t he m ethodological quality of  t he randomized c ontrolled t rials, t he r elevance of  t he 
outcome measures, and the consistency of the results. The scores ranged from 20 to 79 points for 
acute low back pain and from 19 t o 79 poi nts for chronic low back pain on a 100-point scale, 
indicating the overall poor quality of the trials.  
 
Overall, onl y 28 ( 35%) randomized controlled t rials on a cute l ow back p ain and 20 ( 25%) o n 
chronic low back pain had a methodological score of 50 or  more points, and were considered to 
be of high quality. Strong evidence was found for the effectiveness of muscle relaxants and non-
steroidal anti-inflammatory drugs and the ineffectiveness of exercise therapy for acute low back 
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pain; s trong e vidence a lso w as f ound f or t he e ffectiveness of  m anipulation, ba ck s chools, a nd 
exercise t herapy for chr onic l ow ba ck pain, especially for s hort-term ef fects. These aut hors 
suggested that the quality of the design, execution, and reporting of randomized controlled trials 
should be improved, to establish strong evidence for the effectiveness of the various therapeutic 
interventions for acute and chronic low back pain. 
 
In 2003,  A ssendelft e t a l publ ished an updated meta-analysis of  t he s pinal m anipulation 
literature, citing t he f act t hat pr evious s ystematic r eviews and  pr actice guidelines ha d reached 
discordant results on the effectiveness of this therapy for low back pain (6). The purpose of their 
newer m eta-analysis w as an attempt t o resolve t he di screpancies r elated to use of  s pinal 
manipulative t herapy a nd t o upda te pr evious e stimates of  e ffectiveness b y comparing s pinal 
manipulative therapy with other therapies and then incorporating data from recent high-quality 
randomized, c ontrolled t rials ( RCTs) i nto t he a nalysis. M EDLINE, E MBASE, C INAHL, t he 
Cochrane C ontrolled T rials R egister, and pr evious s ystematic r eviews w ere al l s ystematically 
searched for R CTs of  p atients w ith low ba ck p ain that eva luated spinal m anipulative t herapy 
with at least 1 day of follow-up and at least one clinically relevant outcome measure. Thirty-nine 
such RCTs were identified and evaluated by meta-regression models for acute or  chronic pain 
and short-term and long-term pain and function.  
 
For pa tients with acute l ow back pa in, spinal manipulative t herapy was s uperior onl y t o sham 
therapy or therapies judged to be ineffective or  even harmful. Spinal manipulative therapy had 
no statistically or  clinically s ignificant advantage ove r general pr actitioner c are, analgesics, 
physical therapy, exercises, or back school. These authors concluded that there was no evidence 
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that spinal manipulative therapy is superior to other standard treatments for patients with acute or 
chronic low back pain. 
 
In cont ract t o the conclusions of  A ssendelft et  al, the m ost recent s ystematic r eview of  t he 
manipulation literature published by Bronfort et al in 2004 concludes that spinal manipulation is 
a vi able opt ion f or t he t reatment of  l ow ba ck a nd ne ck pa in (7). In t his s tudy, B ronfort e t a l 
searched f or R CTs i ncluding 10 or  m ore s ubjects pe r g roup r eceiving s pinal m anipulation o r 
mobilization techniques and using patient-oriented primary outcome measures (e.g., patient-rated 
pain, di sability, global improvement a nd r ecovery t ime). A rticles i n t he E nglish, D anish, 
Swedish, Norwegian and Dutch l anguages r eporting on r andomized t rials were i dentified b y a 
comprehensive s earch of  c omputerized a nd bi bliographic l iterature da tabases up t o t he e nd of  
2002. Two reviewers independently abstracted data and assessed study quality according to eight 
explicit c riteria. A be st e vidence s ynthesis inc orporating e xplicit, detailed information about 
outcome m easures a nd i nterventions w as us ed t o evaluate t reatment efficacy. The s trength of 
evidence was assessed by a classification system that incorporated study validity and statistical 
significance of study results. Sixty-nine RCTs met the study selection criteria and were reviewed 
and assigned validity scores varying from 6 to 81 on a  scale of 0 to 100. Forty-three RCTs met 
the a dmissibility c riteria f or e vidence, a nd w ere di vided i nto l ow ba ck and ne ck pa in s tudies. 
These s tudies w ere f urther s ubdivided f or m eta-analysis ba sed upon  w hether t he pa tient 
population was acute, chronic, or mixed. 
 
For a cute LBP t here was m oderate e vidence t hat m anipulation pr ovided m ore s hort-term p ain 
relief than mobilization and detuned diathermy, and l imited evidence of  faster r ecovery than a  
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commonly us ed ph ysical therapy t reatment s trategy. F or ch ronic LBP t here w as m oderate 
evidence that manipulation had an effect similar to an efficacious prescription non-steroidal anti-
inflammatory drug, manipulation/mobilization is effective in the short term when compared with 
placebo and general practitioner care, and in the long term compared to physical therapy. There 
is limited to moderate evidence that manipulation is better than physical therapy and home back 
exercise in both the short and long term. There is limited evidence that manipulation is superior 
to sham manipulation in the short term and superior to chemonucleolysis for disc herniation in 
the s hort te rm. However, there is  a lso limited evidence tha t mobi lization is inf erior to  ba ck 
exercise af ter di sc herniation surgery. F or a  m ix of  a cute a nd c hronic LBP 
manipulation/mobilization seems to provide e ither s imilar or  be tter pa in outcomes in the short 
and l ong t erm w hen c ompared with pl acebo a nd w ith ot her t reatments, s uch as M cKenzie 
therapy, medical care, management by physical therapists, soft tissue treatment and back school. 
 
Bronfort et al recently (Jan 2008) published an updated systematic review of their previous work, 
which included references t hat w ere s earched t hrough the year 200 6 (34). T he pr evious 
systematic r eview published in 2004 only covered the l iterature through the year 2002. In this 
most r ecent review, B ronfort et  al pe rformed an online s earch for RCTs e valuating t he 
therapeutic ef ficacy of spinal manipulative the rapy (SMT) or mobilization (MOB) for chronic 
LBP that was p erformed us ing t he s ame strategy as the ir o riginal s ystematic r eview (7). 
Additionally, citation tracking of references in relevant publications was used, including the non-
indexed chiropractic, o steopathic, ph ysical t herapy, and m edical journals. A bstracts f rom 
proceedings and unpublished trials were not included. To be included in this review, each study 
was r equired to have greater t han or equ al t o 10 subjects r eceiving S MT or  MOB and main 
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outcome m easures h ad t o be pa tient o riented (e.g., pa in, global i mprovement, l ow-back 
disability, recovery time, work loss, medication use, and functional health status). 
 
The search s trategy identified 42 studies assessing SMT/MOB for C LBP, e ight more than the 
previous s ystematic review. The s tudies were too dissimilar in terms of  patient characteristics, 
outcome m easures, t ime poi nts, a nd t ype of  t reatment c omparisons t o a llow f or s tatistical 
pooling. These a uthors concluded t hat t he l iterature p rovided m oderate e vidence f or s everal 
conclusions regarding SMT and MOB for chronic LBP. In terms of patient-rated pain, SMT with 
strengthening exercise is  s imilar in effect to prescription non-steroidal anti-inflammatory drugs 
with e xercise i n bot h t he s hort t erm a nd l ong t erm. T here i s also m oderate evidence t hat 
SMT/MOB i s s uperior t o us ual m edical c are a nd pl acebo f or pa tient i mprovement. H igh-dose 
SMT is superior to low-dose SMT for pain in the very short term and similar in the short term. 
SMT i s s uperior t o c hemonucleolysis, m edication, a nd a cupuncture; a nd MOB i s i nferior t o 
exercise for disc herniation. The evidence is inconclusive as to whether SMT is superior to sham 
SMT for pain in the short term, and whether MOB is similar in effect to exercise for pain in both 
the short term and long term. 
2.3 DEVELOPMENT OF GUIDELINES FOR MANIPULATION 
The f irst a ttempt to create s ome pr actice guidelines f or the  us e o f s pinal ma nipulation 
came from a na tional chiropractic consensus conference that convened at the Mercy Conference 
Center in Burlingame, C alifornia in  early 1992  (36). T his consensus c onference w as 
commissioned by the Congress of Chiropractic State Associations to systematically review all of 
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the pr ocedures i n c ommon us e b y chiropractors, i ncluding s pinal m anipulation, a nd m ake 
recommendations and ratings as to their effectiveness and safety based upon the evidence. The 
driving f orce f or c reation of a s et of  i nternal chi ropractic pr actice g uidelines w as t he 
establishment of the Agency for Health Care Policy and Research (AHCPR) in late 1989 by the 
U.S. f ederal g overnment. T he A HCPR w as c reated out  of  t he pe rceived ne ed b y t he U .S. 
government for national guidelines on each health care specialty, with the message that either the 
various health care professions develop their own guidelines or have third parties impose them. 
 
The panel m embers at  t he Mercy C onference us ed a s ix-tier r ating s ystem to evaluate c linical 
procedures; a pproved, e stablished, p romising, equivocal, i nvestigational, doubt ful a nd 
inappropriate (see Table 1 below).  
Table 1: Mercy Conference Chiropractic Procedure Ratings (36) 
Established: Accepted as  appropriate b y t he p racticing 
chiropractic c ommunity f or t he g iven i ndication i n t he 
specified patient population. 
Investigational: Evidence is  in sufficient to  d etermine 
appropriateness. F urther s tudy i s w arranted. U se f or a  g iven 
indication in a specified patient population should be confined 
to r esearch p rotocols. A s m ore ex perience an d ev idence 
accumulates, this rating will change. 
Promising: Given c urrent k nowledge, t his a ppears t o be 
appropriate f or t he g iven i ndication in t he s pecified pa tient 
population. As more experience and long-term follow-up area 
cumulated, th is i nterim r ating w ill c hange. T his c onnotes 
provisional accep tance, b ut permits a g reater r ole f or t he 
current level of clinical use. 
Doubtful: Given c urrent k nowledge, t his a ppears t o be  
inappropriate for t he g iven indication in the s pecified pa tient 
population. As more e xperience a nd long-term f ollow-up ar e 
accumulated, this interim rating will change. 
Equivocal: Current k nowledge e xists t o s upport a  g iven 
indication in a  specified patient population, though value can  
neither be c onfirmed nor  denied. A s more e vidence a nd 
experience accumulates this rating will change. Expert opinion 
recognizes a need for caution in general application. 
Inappropriate: Regarded b y t he practicing ch iropractic 
community as  u nacceptable f or th e g iven i ndication in  t he 
specified patient population. 
 
 
Three C lasses ( I, II, III) of  qua lity of  e vidence a nd f ive T ypes ( A-E) of  s trength of 
recommendation ratings w ere al so established (see T ables 2 and 3 below). Class I evidence 
consisted of  RCTs, C lass II c onsisted of  w ell-designed obs ervational studies, a nd C lass I II 
consisted of  e xpert opi nion, de scriptive s tudies, a nd c ase r eports. T ype A  r ecommendations 
 19 
indicated the s trongest p ositive r ecommendation based upon C lass I or  overwhelming C lass I I 
evidence, and Type B recommendations were given based upon Class II evidence only. 
Table 2: Mercy Conference Quality of Evidence Ratings (36) 
Class I: Evidence provided by one or more well-designed controlled clinical trials: or will-designed experimental studies that 
address reliability, validity, positive predictive value, discriminability, sensitivity, and specificity. 
Class II: Evidence provided by one or more well-designed controlled observational clinical studies, such as case-control, cohort 
studies, et c.; o r cl inically r elevant b asic s cience studies t hat ad dress reliability, v alidity, positive p redictive v alue, 
discriminability, sensitivity, and specificity; and published in refereed journals. 
Class III: Evidence provided by expert opinion, descriptive studies, or case reports. 
 
Table 3: Mercy Conference Strength of Recommendation Ratings (36) 
Type A: Strong positive recommendation. Based on Class I  evidence or overwhelming Class I I evidence when ci rcumstances 
preclude randomized clinical trials. 
 
Type B: Positive recommendation based on Class II evidence. 
Type C: Strong positive recommendation based on strong consensus of Class III evidence. 
Type D: Negative recommendation based on inconclusive or conflicting Class II evidence. 
Type E: Negative recommendation based on evidence of ineffectiveness or lack of efficacy based on Class I or Class II evidence. 
 
The Mercy Conference expert panel made an important di stinction dur ing i ts process of  rating 
the ef fectiveness and safety of  t he v arious c hiropractic clinical pr ocedures. They cl early 
recognized t hat m any “technique s ystems” e xisted i n t he p rofession t hat c onsisted of  v arious 
combinations of  a nalytic a nd t reatment c omponents. T he pa nel m embers c hose t o r ate e ach 
treatment pr ocedure on i ts ow n m erits, s eparating t hem f rom t he “ systems” unde r w hich t hey 
were pr acticed. Two categories of  t reatment procedures that were di stinguished in this process 
included manual ma nipulative te chniques tha t ut ilized high velocity lo w a mplitude ( HVLA) 
thrusts a nd m echanical f orce t echniques t hat ut ilized s pring l oaded i nstruments g iving a  
mechanical low amplitude thrust, such as the Activator Instrument (AI). 
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The pr oceedings of  t his c onsensus c onference were publ ished i n 1993  a s the G uidelines f or 
Chiropractic Quality Assurance and Practice Parameters (36), with the panel of  35 c onsultants 
publishing r atings ba sed upon t he qua lity of  e vidence f or e ach of  t he t reatment pr ocedures. 
HVLA s pinal m anipulation w as given a  rating of “ Established” for the c are of  p atients w ith 
mechanical l ow-back pr oblems a nd ot her m usculoskeletal c onditions b ased upon C lass I  a nd 
strong C lass II evidence, a nd m echanical f orce manipulation ( such a s A ctivator) w as given a  
rating of “Promising to Established” based upon Class I, II, III evidence. 
 
As not ed a bove, c oncurrent w ith t he chiropractic pr ofession’s i nternal s ystematic r eview a nd 
guideline de velopment, t he U .S. C ongress ha d e stablished t he Agency for H ealth Care P olicy 
and Research (AHCPR) i n 1989 t o e nhance t he quality, a ppropriateness, a nd e ffectiveness of  
various he alth care s ervices f or conditions t hat ha d i mportant publ ic health c oncerns. T he 
AHCPR, was cr eated as one  of  ei ght a gencies of t he U .S. Public H ealth Service w ithin the 
Department of Health and Human Services, and by 1992 ha d selected a number of topics upon 
which to create systematic reviews and publish guidelines to assist clinicians and patients about 
the appropriate decisions for health care options regarding these specific clinical circumstances. 
One of these topics was acute low back pain, due to its importance as a public health concern. 
 
In 1994, the Agency for Health Care Policy and Research (AHCPR) published clinical practice 
guidelines for the management of acute low back problems in adults based upon a careful review 
and meta-analysis of the literature on various treatments for low back pain (1). These guidelines 
suggested that the first step in the management of acute low back pain (LBP) is to rule out any 
serious unde rlying m edical c onditions b y l ooking f or c linical “red f lags”; i .e. s igns a nd 
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symptoms suggestive of spinal or non-spinal pathology. In the ACHPR model, patients with LBP 
are categorized i nto 3 c ategories: pot entially s erious c onditions s uggested b y presence of  red 
flags, sciatica suggested by positive nerve root tension signs, or non-specific LBP suggested by a 
lack of red flags or nerve root tension. 
 
The ACHPR guidelines (1) indicate a yearly prevalence of back pain in working age adults at 50 
percent, with 15-20 percent seeking medical attention, and stating that LBP is the most common 
cause of disability in persons under the age of 45 years. The guidelines strongly suggest that 90 
percent of patients with acute LBP spontaneously recover within four weeks, and therefore the 
focus of  care should be  away from pain control exclusively, and more toward helping patients 
improve activity tolerance. To this end, the guidelines recommend that the initial management of 
acute L BP should pr ovide a ssurance of  a  rapid r ecovery, t o pr ovide c omfort b y m eans of  
symptom control methods, and to recommend activity modifications. 
 
The two recommended methods (Table 4) for symptom control according to ACHPR guidelines 
are non-steroidal analgesic medications and/or spinal manipulation. Optional methods (Table 5) 
include m uscle relaxants, opi oids, ph ysical a gents a nd m odalities, s hoe i nsoles, a nd rest f rom 
activity.  The ACHPR guidelines state that manipulation is safe and effective for patients in the 
first m onth of  acute LBP w ithout r adiculopathy, and t hat m anipulation i s pr obably s afe f or 
symptoms lasting greater than one month, but its efficacy is unproven. 
Table 4: Agency for Health Care Policy Research (AHCPR) recommended treatments for non-specific low 
back pain (1). 
 
Non-prescription analgesics:  
Acetaminophen (safest) 
NSAIDs (aspirin, ibuprofen) 
Prescribed pharmaceutical methods: 
Other NSAIDs 
Prescribed physical methods: 
Spinal manipulation 
 
 22 
Table 5: AHCPR optional treatments for non-specific low back pain (1) 
Prescribed pharmaceutical methods: 
Muscle relaxants 
Opioids 
Prescribed physical methods: 
Physical agents and modalities 
Shoe insoles 
A few days’ rest 
 
The A HCPR guidelines marked the first time  tha t a n of ficial government he alth agency 
recommended m anipulation a s a  pr imary t reatment f or pa tients w ith acute l ow ba ck pa in. 
However, unl ike t he M ercy C onference w hich r ated i ndividual m anipulative pr ocedures, t he 
AHCPR guidelines did not differentiate between the various types of spinal manipulation nor did 
they differentiate between subsets of “non-specific LBP”. However, the AHCPR guidelines did 
make the primary care physician community aware of  the fact that spinal manipulation was an 
appropriate and effective treatment option for control acute low back symptoms. 
 
In 1996 t he C anadian C hiropractic A ssociation publ ished t he " Clinical G uidelines f or 
Chiropractic Practice in Canada" (37). The Canadian guidelines are commonly referred to as the 
Glenerin G uidelines, s ince t he c onsensus conference w as he ld 1993 a t t he G lenerin Inn i n 
Mississauga, Ontario. 35 commission members were brought together in round-table format and 
guideline recommendations w ere de bated a nd v oted upon i n pl enary se ssions, which i n m any 
ways paralleled the Mercy Conference Guidelines produced in the U.S. a few years previously. 
The Glenerin committee members used exactly the same procedure and strength of recommend-
ation ratings and the same quality of evidence levels, as the Mercy committee members. 
 
The Glenerin consensus panel reached s imilar conclusions regarding the rating o f s ide pos ture 
HVLA and mechanical manipulation devices (Activator, etc) as did the Mercy Conference panel 
members; H VLA ma nipulation was r ated a s “ Established” ba sed upon C lass 1,  II, a nd III 
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evidence, and mechanical manipulation devices were rated as “Promising” based upon C lass II 
and III evidence. They also concluded that while there was a sound body of scientific evidence 
on the efficacy of HVLA type spinal manipulation for various conditions, there was a paucity of 
literature on the com parative ef fectiveness of  ot her s pecific t ypes of  m anipulative t echniques 
such as mechanical manipulation devices. 
 
The A HCPR guidelines m ade t he pr actice of  manipulation a ppear m ore a cceptable i n t he 
mainstream he alth care de livery s ystem, but  f ailed to address tw o fundamentally impo rtant 
issues. The first issue regards the differences (if any) in effectiveness and safety of the various 
types of manipulative procedures. Within the chiropractic profession alone there are thought to 
be between 100 t o 200 t echnique systems that use at least several dozen different manipulative 
methods (13, 36). It is unlikely that all of these manipulative procedures are equally effective.  
 
The second issue is the lack of differentiation between potential subsets of low back disorders. 
The t erms “m echanical low ba ck pain” or  “non -specific l ow ba ck pain” ar e of ten used in a 
general manner to lump all patients with certain symptoms into one all-inclusive category. The 
AHCPR clinical practice guidelines suggest that up to 85% of acute low back pain patients seen 
by p rimary care ph ysicians f it int o this va gue d iagnostic category of  “ non-specific l ow ba ck 
pain” (1). T here a re a  n umber of  c auses of  “ mechanical l ow ba ck p ain” i ncluding m yofascial 
pain s yndromes, s pondylolisthesis, l umbar f acet j oint d ysfunction, i ntervertebral di sc l esions, 
sacroiliac joint dysfunction, and others. It is likely that different manipulative procedures would 
have different effects on each of these subsets of the general category “non-specific LBP”. 
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In some respects the Mercy and Glenerin consensus conferences addressed these two issues, but 
did not  r esolve t hem. Both pa nels s eparated c hiropractic m anipulation p rocedures i nto s everal 
categories, including HVLA manipulation and mechanical manipulation devices, and rated these 
methods separately. However, there was no attempt to match up s ubsets of low back diagnoses 
with e ach of  t he m anipulation m ethods a nd m ake c linical r ecommendations ba sed upon t he 
literature. In an a ttempt t o he lp br idge t his kno wledge gap about t he e ffectiveness o f di stinct 
manipulative procedures, a consensus panel of chiropractic experts was created in 1995 to review 
the spinal manipulation literature for low back pain, with the specific intent to search for articles 
with an actual description of the manipulative procedure used and a descriptive diagnosis other 
than “non-specific low back pain”.  
 
This expert panel combined the results of a qualitative review of the manipulation literature with 
their clinical experience/opinion, and developed ratings of each manipulative procedure for each 
different di agnosis, us ing consensus m ethodology. The p anel m embers s ubdivided t he general 
category of  “ spinal m anipulation” i nto e ight sub-categories; hi gh velocity low  a mplitude 
(HVLA) s ide pos ture m anipulation, H VLA m anipulation w ith dr op t able m echanisms, pe lvic 
blocking pr ocedures, m echanical i nstrument m anipulation, m obilization t echniques, di straction 
table t echniques, pr one HVLA m anipulation ( without dr op t able) pr ocedures, uppe r c ervical 
manipulation for LBP, non-thrust low force/reflex techniques, lower extremity manipulation for 
LBP. “ Low b ack p ain” as a  di agnosis w as a lso di vided i nto e ight s ubcategories, f our pa tho-
anatomic a nd four s ymptom-based s ubcategories; herniated di sk, s pondylolisthesis, f acet j oint 
dysfunction ( subluxation), s acroiliac j oint d ysfunction, low ba ck pa in, low ba ck pa in pl us 
buttock-thigh pain, low back and leg pain plus neurologic deficits, and leg pain only. 
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Thus a n 8 x 8 m atrix was f ormed, w ith 8 c olumns f or t he s ubcategories of  LBP di agnoses 
matched w ith 8 r ows f or t he di fferent t ypes of s pinal m anipulation. T he pa nel m embers r ated 
each type of  manipulation for i ts cl inical efficacy relative to each of the subcategories of  LBP. 
The results of this consensus panel’s ratings were published as two articles in 2001 (38, 39) with 
side pos ture H VLA m anipulation r eceiving t he hi ghest r ating for m ost of  t he di agnostic 
subcategories based upon the fact that most RCTs and observational studies in the manipulation 
literature us ed some v ariation of t he H VLA m anipulation technique. Mechanical force 
manipulation (e.g. Activator) d evices received a  v ery low  r ating for a ll of  th e di agnostic 
subcategories, due to the absence of any well designed RCTs or any observational studies with 
large effect size in the literature at that time.  
 
The panel commented that although mechanical manipulation devices did not have an evidence 
base comparable to HVLA manipulation, lack of evidence should not be construed as evidence 
of l ack of ef fectiveness. T he pa nel conc luded that m any chi ropractic m anipulative pr ocedures 
were lacking in their respective evidence bases, and that a research priority for the future should 
be the development of clinical trials to sort out the issue of differences in effectiveness (if any) 
between the various manipulative methods. 
 
The debate about mechanical manipulation devices versus standard manual HVLA manipulation 
reached a pinnacle when the Canadian province of Saskatchewan prohibited by law the use of  
mechanical adjusting (manipulation) devices (MAD). In 2001, the Chiropractors’ Association of 
Saskatchewan ( CAS) established a s cientific committee t o review t he l iterature on MAD and  
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make r ecommendations on i ts e fficacy, s afety, and us es, b ased upon  c onsensus m ethods. A  
comprehensive l iterature s earch was p erformed utilizing ke ywords and  searching MEDLINE, 
MANTIS, CINAHL, and the INDEX T O C HIROPRACTIC LITERATURE. 55 articles we re 
found pertaining to the Activator instrument, of which 13 w ere eliminated from the final study. 
The panel published their results in a two-part series of articles in 2004 (19, 20). 
 
Of the 42 articles reviewed by the Panel, only 21 were related to clinical efficacy, of which five 
studies were identified as Class 1 evidence and three studies as Class 2 evidence. Only one RCT 
related t o l ow ba ck pa in w as f ound i n t he l iterature, c omparing A ctivator w ith s ide pos ture 
HVLA m anipulation w ith a  t otal s ample s ize of  30 pa tients a nd a  c onclusion of  no s tatistical 
difference b etween the t wo treatments i n their a bility t o reduce acute l ow ba ck pain(18). One 
case series study of 10 p atients with low back pain found a statistically significant difference in 
VAS s cores and Oswestry Index s cores af ter r eceiving A ctivator t reatment, which remained 
stable at  a one -year fol low-up. T wo c ases r eports, bot h de aling w ith lumbar di sc he rniation 
treating w ith A ctivator m ethods, pr ovided e mpirical obs ervation a nd o pinion t hat A ctivator 
treatment may provide an alternative method of treating low back pain when manual side posture 
manipulation may be contraindicated. 
 
The committee members reached consensus that, while all of the Activator studies were flawed 
to varying degrees and the literature is generally weak, the evidence in the literature supports the 
statement that MAD procedures using Activator are as effective as manual HVLA manipulation 
in pr oducing c linical be nefit a nd bi ological c hange. T heir c oncluding remarks w ere t hat m ore 
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research, particularly a larger scale randomized controlled trial, would be helpful in determining 
efficacy to a further degree. 
2.4 CLASSIFICATION SYSTEMS FOR MANIPULATION 
The earliest effort in the medical literature to create a classification system for low back 
pain was publ ished in 1987 as the results of  large Consensus Conference in Canada called the 
Quebec Task Force (QTF) (40). The goal of  t he QTF was t o create a di agnostic cl assification 
that c ould he lp t o s tratify patients w ith l ow ba ck pa in i nto di fferent s ubsets f or pu rposes o f 
providing surgical and nonsurgical treatment options, establish a prognosis, and conduct clinical 
research. T he Q TF c lassification s ystem pr ovides 11 c ategories ba sed upon a  c ombination of  
symptoms and pathoanatomy, as listed in Table 6 below:  
 
Table 6: Quebec Task Force Diagnostic Classification System (40) 
1. Low back pain without radiation to lower extremity. 
2. Low back pain with radiation to proximal lower extremity (above knee). 
3. Low back pain with radiation to distal lower extremity (below knee). 
4. Low back pain with radiation to lower extremity and neurological findings. 
5. Spinal fracture. 
6. Spinal nerve root compression 
7. Spinal stenosis. 
8, 9. Post surgical status. 
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10. Chronic pain syndrome. 
11. Other diagnoses  
 
The QTF classification system appears to have reasonable predictive ability to discern between 
low back pain patients who are likely to require surgery, have higher baseline pain and functional 
impairments, and will have difficulty with return to work (41, 42). However, for clinicians such 
as chi ropractors and physical t herapists w ho p erform onl y nonsurgical t reatment, t he Q TF 
categories are not  a s u seful i n di scerning b etween s ubsets of  LBP t hat w ould r espond t o 
manipulation versus rehabilitative exercises, for example. The QTF categories 1, 2, and 3 would 
all likely be classified as “non-specific LBP” according to the AHCPR guidelines. 
 
Within the physical therapy literature, this similar issue has been addressed with respect to “non-
specific LBP” being too broad of a diagnostic term for scientific research of the clinical efficacy 
of various physical therapy interventions. One of  the earliest attempts to create subsets of LBP 
was published in a textbook by McKenzie in 1981, in which he proposed three basic categories 
of back pain: postural syndrome, dysfunction, and derangement as listed in Table 7 below (43).  
Table 7: McKenzie based Classification System for non-specific LBP 
1. Postural S yndrome: P atient ha s pa in as a  
result of prolonged poor posture causing strain 
on soft tissues. 
Treatment: A dvice a nd e ducation a bout 
maintaining good pos ture dur ing s itting, 
standing, and other ADLs. 
2. Dysfunction Sy ndrome: Patient ha s pa in 
due t o c hronically s hortened pe riarticular 
tissues or adhesions.  
Treatment: Specific exercises and mobiliza-
tions to stretch these tissues and restore normal 
mobility. 
3. Derangement Syndrome: Patient exhibits 
symptoms suggestive of disc derangement. 
Treatment: Specific e xercises, mobilizations, 
manipulations, or  s urgery; ba sed upon  
symptomatic responses of patient. 
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For e ach category of  LBP, t he pr oposed c linical i ntervention w as di fferent; i .e. f or pos tural 
syndrome the pa tient was t reated with home exercises and postural advi ce whereas the patient 
with lumbar derangement was t reated with specific mobilization techniques. McKenzie further 
divided t he de rangement c ategory i nto s even s ubsets, ba sed upon t he pa tient’s s ymptoms a nd 
physical examination findings, especially the response to flexion versus extension movements. 
 
Delitto et al  t ook a g roup of LBP pa tients r eferred for ph ysical t herapy whose examination 
findings indicated they were l ikely to respond best to an extension-mobilization approach, and 
randomized t hem i nto t wo t reatment groups (44). The e xperimental a nd c omparison gr oup 
subjects w ere tr eated with either mobi lization and extension ( a tr eatment ma tched to the 
category) or  a  f lexion exercise regimen ( an unm atched t reatment). The s ubjects' r ate o f 
improvement, as indicated by the Oswestry questionnaire scores, was dependent on the treatment 
group to which they were assigned. Subjects treated with extension and mobilization positively 
responded at a  f aster r ate t han di d t hose t reated w ith a  flexion-oriented pr ogram. This s tudy 
illustrated that c lassification of selected patients with non-specific LBP i nto a treatment-based 
category of extension and mobilization and subsequently t reating the patients accordingly with 
specified interventions can be an effective approach. 
 
This s imple s tudy was one of  the  first publ ished tr ials to distinguish a selected subset of  non-
specific LBP of  pa tients ( extension responders) and match the t reatment app roach t o t he 
functional di agnostic c ategory. In 1995, D elitto and E rhard proposed a  more c omprehensive 
classification system f or non -specific LBP t hat cr eated four di stinct c ategories which were 
treatment-based a nd would specifically guide cons ervative m anagement (45). The f our 
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treatment-based categories are immobilization, manipulation/ mobilization, specific exercise, and 
traction as listed in Table 8 below: 
Table 8: Treatment-based Classification System for non-specific LBP (45) 
1. Immobilization: P atient s hows s igns of  c linical ins tability, such as s pondylolisthesis, 
ligamentous laxity, or hypermobility. 
 
2. Manipulation/mobilization: Patient has acute LBP without nerve root tension signs. 
3. Specific exe rcise: Patient s hows a di rectional pr eference f or f lexion/extension ba sed 
exercises which centralize their symptoms. 
 
4. Traction: Patient has acute LBP with antalgic posture and/or significant distal leg symptoms. 
 
Fritz, Delitto, and Erhard published the results of a RCT that explored the effectiveness of using 
this four-tiered classification system with acute low back pain patients compared to a strategy of 
minimal intervention (46). Clinical practice guidelines such as those publ ished by the AHCPR 
recommend minimal int ervention during the  f irst f ew weeks of  a cute LBP, but  f ail t o identify 
subsets of  patients who are likely t o r espond t o different interventions. The Fritz et a l s tudy 
involved 78 s ubjects w ith w ork-related low ba ck pa in of l ess than three weeks dur ation w ho 
were randomized to receive therapy based on the classification system in Table 7 that attempts to 
match patients to specific interventions, or  therapy based on t he AHCPR guideline of  minimal 
intervention. The r esults s howed that s ubjects r eceiving c lassification-based therapy s howed 
greater change on the Oswestry scale and the SF-36 physical component scale after four weeks. 
Patient s atisfaction was greater and  r eturn t o full-duty w ork s tatus was more l ikely a fter f our 
weeks in the classification-based group compared to the minimal intervention group. 
 
Flynn et a l publ ished a  pr ospective c ohort s tudy i n which 71 patients w ith non -radicular l ow 
back pa in unde rwent a standardized e xamination a nd t hen a  s tandardized s pinal m anipulation 
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treatment program, without any a priori classification into subsets (47). Success with treatment 
was determined using percent change in disability scores over three sessions and served as the 
reference standard for determining the accuracy of examination variables. Of the 71 patients who 
participated, 32 had success with the manipulation intervention. Examination variables were first 
analyzed f or uni variate accuracy i n pr edicting s uccess and then c ombined into a mul tivariate 
clinical prediction rule. 
 
A clinical prediction rule with five variables was identified; symptom duration, fear-avoidance 
beliefs, lumbar hypomobility, hip internal rotation range of  motion, and no symptoms distal to 
the kn ee. T he pr esence of f our of  f ive of  t hese va riables ( positive l ikelihood r atio =  24.38)  
increased the probability of success with manipulation from 45% to 95%. The authors suggested 
that it appeared possible that patients with low back pain likely to respond to manipulation could 
be accurately identified before treatment, using this clinical prediction rule. Indeed, a subsequent 
clinical trial by Childs et al confirmed that patients who were treated with manipulation and were 
expected to be “manipulation responders” by using this clinical prediction rule responded better 
than patients whose treatment was not matched to the rule (48). 
 
Yet another attempt to create a diagnostic classification system for non-specific low back pain 
was publ ished in 2003 b y P etersen e t a l who propose t hat division of  t he l arge he terogeneous 
group of patients who are labeled with “non-specific low back pain” (85% of  al l LBP patients 
seen in primary care medicine) into diagnostic homogeneous subcategories is thought to improve 
treatment out comes (49). They pr opose a cl assification system t hat h as a pa tho-anatomic 
orientation, rather than the treatment-based approach proposed by Delitto et al. Their proposed 
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classification system is made up of 12 categories that refer to the known possible pain-producing 
structures i n t he l ow ba ck, s uch a s di scs, z ygapophysial j oints, s acroiliac j oints, ne rves, a nd 
muscles, as lis ted in Table 9. They also include a cat egory called “abnormal pa in syndromes” 
that includes patients that are characterized by abnormal illness behavior.  
Table 9: Pathoanatomic and clinical classification system for non-specific LBP (49) 
1. Disc syndrome 
2. Adherent nerve root 
3. Nerve root entrapment 
4. Nerve root compression 
5. Spinal stenosis 
6. Zygapophysial joint syndrome 
7. Postural syndrome 
8. Sacroiliac joint 
9. Dysfunction syndrome 
10. Myofascial pain 
11. Adverse neural tension 
12. Abnormal pain syndromes 
13. Inconclusive 
 
The c lassification system proposed by Petersen e t a l i s preliminary in nature and has not  been 
subjected t o i nter-examiner r eliability s tudies o r us ed in any c linical tr ials to determine its  
clinical pr edictive v alue. H owever, its c linical us efulness ma y yet be  s hown i n f uture c linical 
trials. Clearly th e int ent of  thi s c lassification system is  s imilar to all the  pr eviously di scussed 
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systems; i .e. an attempt t o s ubdivide t he b road c ategory of  non -specific LBP int o clinically 
manageable s ubsets i n which t he treatment a pproach i s m atched t o t he pa thoanatomic or  
functional diagnosis. 
 
The most recent attempt at development of a classification system for spinal pain was published 
by Murphy and Hurwitz in 2008 (50) which proposes a diagnosis-based clinical decision rule 
(DBCDR) for the diagnosis and non-surgical management of back pain. The DBCDR is based on 
what the authors refer to as the three essential questions of diagnosis: 
• Are the patient’s symptoms reflective of a visceral disorder  
or a serious/potentially life-threatening illness? 
 
• From where is the patient’s pain arising? 
 
• What has gone wrong with this person as a whole that  
would cause the pain experience to develop and persist? 
 
The first question of the DBCDR is the process of ruling out the “red flags” of serious pathology 
in the patient presenting with low back pain. The second question seeks to determine which the 
source of the patient’s pain, whether it be from the intervertebral disc, lumbar facet or sacroiliac 
joints, the muscles or tendons, or other somatic or visceral tissues. 
 
Under the second question above, the authors suggest four signs are of great importance when 
determining the source of back pain: 
• Centralization signs: the observation that distal symptoms in the lower extremity 
or buttock “centralize” toward the spine. 
 
• Neurodynamic signs: reproduction of symptoms with stress applied to neural 
structures. 
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• Segmental pain provocation signs: manual pressure applied to selective lumbar 
facet and sacroiliac joints to test for pain provocation. 
 
• Muscle palpation signs: reproduction of pain upon direct palpation of myofascial 
tissues. 
 
Under question number three above, the authors note that it is important to identify and manage 
those factors that place the acute or sub-acute spinal pain patient at risk of developing ongoing 
problems or , i n t he c ase of  t he c hronic or  r ecurrent s pinal pa in pa tient, that c ontribute t o t he 
perpetuation of pain and dysfunction. Those factors would include: 
• Dynamic instability: impaired motor control  
• Central pain hypersensitivity 
• Oculomotor dysfunction 
• Fear and catastrophizing 
• Depression 
• Passive coping 
 
Like many of the other classification systems published in the literature, this recently proposed 
DBCDR ha s not  be en va lidated t hrough r andomized c linical t rials. H owever, a ll of  t hese 
proposed s ystems t end to point i n t he s ame di rection, t hat l ow back pa in i s not  one  grandiose 
syndrome with one “magic bullet” solution. Rather, it appears that the causes of back pain and 
the processes which perpetuate it are multi-factorial and require a broader approach to diagnosis 
and treatment. 
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2.5 SUMMARY OF MANIPULATION/LOW BACK PAIN LITERATURE 
Numerous systematic reviews of the literature show a modest amount of support for the 
intervention of  s pinal manipulation f or a cute non-specific l ow ba ck pain ( LBP). T he l arge 
number of  f avorable ma nipulation clinical tr ials in literature w as t aken i nto a ccount b y t he 
AHCPR in publication of their Clinical Guidelines, which recommended spinal manipulation as 
one of the chief interventions for acute LBP patients who did not exhibit signs of pathology. The 
AHCPR guidelines did not differentiate between subsets of LBP, and lumped 85% of acute LBP 
patients into one large group of “non-specific LBP”. 
 
Several a ttempts ha ve be en m ade t o s ubdivide t he br oad c ategory of  “ non-specific LBP” i nto 
various s ubsets, and s everal o f t hese pr oposed c lassification systems were r eviewed in this 
chapter previously. The common denominator of these proposed systems is the idea that patients 
are more likely to respond to treatment methods that are matched to their specific type of LBP. In 
the m ost ex treme ex ample, pa tients s hould be  s eparated i nto those w ho ne ed s urgical 
interventions f rom those who would respond to conservative non-surgical interventions. In the 
chiropractic and physical therapy clinics, a more salient question might be how to separate “non-
specific LBP” p atients i nto those w ho will r espond better to  ma nipulation and mobilization 
techniques f rom those who would respond be tter t o t raction methods or  rehabilitative exercise 
protocols.  
 
There is now some literature supporting the notion of a clinical predication rule for LBP patients 
who are likely to be manipulation responders. However, most of the clinical trials reported in the 
literature d escribe onl y one t ype o f manipulation; a  s pecific v ariation of high ve locity l ow 
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amplitude (HVLA) thrust technique rendered with the patient in a side-lying posture. Very few 
clinical trials have been published that compare different types of manipulation methods on t he 
same cohort of LBP patients. An important question within the chiropractic profession is whether 
or not  m echanical m anipulation devices ar e as  cl inically e ffective as  m anual H VLA 
manipulation methods. This dissertation project will explore this yet unanswered question with a 
prospective c ohort de sign t hat t racks t he clinical out comes of  LBP p atients w ith the s ame 
inclusion criteria treated by these two different types of manipulation methods. 
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3.0  METHODS 
3.1 EXPERIMENTAL DESIGN 
The e xperimental de sign of  t his s tudy c onsisted of  t wo pha ses; ( 1) i nter-examiner 
reliability studies for the prone leg length analysis and prone springing palpation over the lumbar 
facets and sacroiliac joints and (2) an observational prospective cohort study, with two types of 
manipulation de fining t he c ohorts; m echanical assisted m anipulation ( Activator) and m anual 
manipulation ( Diversified). F or bot h of  t hese s tudies, r esearch vol unteers w ith a cute a nd s ub-
acute low back pain (LBP) were recruited from the private practices of three chiropractic offices 
in the Greater Pittsburgh metropolitan region. One office had two Activator Methods proficiency 
certified c hiropractors w ho exclusively us ed the Activator Instrument a s the sole manipulative 
treatment f or LBP. T he ot her t wo of fices utilized s tandard s ide pos ture m anipulation 
(Diversified) for treatment of LBP, and consisted of a solo practitioner rendering all treatments at 
each respective office. 
 
The primary research question was to explore the differences in treatment effect on LBP, if any, 
between m echanical a ssisted m anipulation w ith t he A ctivator Instrument a nd s tandard s ide 
posture Diversified lumbar manipulation. The Activator Method protocol requires the use of the 
prone leg length analysis to determine where to position the Activator Instrument and apply the 
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mechanical impulse treatment. The Diversified Method relies on springing or motion palpation 
to determine a t which level of  the lumbar spine or sacroiliac joints to apply the manual thrust 
technique. S ince t hese p hysical e xamination pr ocedures w ere ut ilized o n e very visit i n t hese 
respective chi ropractic o ffices, it w as f easible to  pe rform int er-examiner r eliability s tudies o n 
these cl inical t esting procedures as  a s econdary r esearch question. The reliability s tudies were 
performed prior to initiation of the cohort study, and separate IRB approval was obtained. 
3.2 RESEARCH PARTICIPANT CHARACTERISTICS 
3.2.1 Inclusion Criteria 
            (1) O nset o f a cute l ow ba ck pa in s ymptoms w ithin 0 – 12 weeks f rom ini tial ba seline 
visit. Acute and sub-acute back pain patients are more responsive to manipulation intervention 
than chronic patients. 
(2) A ge 18 years o r older. T his i s t he age gr oup m ost of ten reported i n s pinal 
manipulation clinical trials and the peak incidence of low back pain in adults.  
(3) O swestry Low B ack P ain D isability Index s core of  a t l east 20  poi nts, w hich 
represents mild to moderate self-perceived disability in activities of daily living. This minimum 
was chosen to prevent a floor effect, which might occur with subjects having minimal disability. 
(4) Numeric Pain Rating Score of at least four points out of maximum scale of ten points, 
with the intent of avoiding a similar floor effect with patients reporting minimal pain. 
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3.2.2 Exclusion Criteria 
(1) Age less than 18 years old. This represents a  pediatric population that has not  been 
carefully studied in the spinal manipulation literature.  
 
(2) Low back pain onset greater than 12 weeks prior to baseline evaluation. Chronic back 
pain patients are a  di fferent cohort than acute and sub-acute patients, and may respond 
less favorably to manipulation.  
 
(3) Prior hi story of lumbar spine surgery, uns table spondylolisthesis, spinal s tenosis, or  
scoliosis greater than 20 degrees.  
 
(4) Signs or symptoms suggestive of severe neurological deficit such as lower extremity 
motor weakness, paresthesia distal to the knee, strong nerve root tension signs, bowel or 
bladder dysfunction. 
 
(5) Any female patient who is pregnant and has trouble lying prone.  
 
(6) History of metastatic cancer, osteoporosis, long-term corticosteroid use, or any other 
medical condition that would contraindicate thrust-type spinal manipulative treatment.  
 
(7) Patients w ho have r eceived physical t herapy, chiropractic, or an y ot her manual 
therapy for low back pain within the past 3 months.  
 
(8) Oswestry score greater than 70 and/or Numerical Pain Score greater than 8/10. This 
cohort of  pa tients t ypically ha s s evere s ymptoms t hat m ay i ndicate und erlying s erious 
pathology, which may not be suitable for manipulative therapy. 
 
(9) Oswestry score less than 20 and/or Numerical Pain Score less than 4/10. This cohort 
of patients t ypically h as a  l ow l evel of  pa in and di sability t hat m ight r esolve t hrough 
natural history, without any clinical intervention. 
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3.2.3 Modifications of Inclusion/Exclusion Criteria 
Two modifications w ere m ade t o t he a bove i nclusion a nd e xclusion c riteria af ter t he 
cohort s tudy commenced at thr ee pr ivate c hiropractic c linics in the M etropolitan Pittsburgh 
region. Both of these modifications were based upon practical concerns, and were approved by 
the University of Pittsburgh’s Institutional Review Board (IRB). 
 
Originally the research design had excluded patients who were older than 65 years of age. As the 
study pr ogressed, i t be came apparent t hat m any s enior c itizens w ere be ing e xcluded f rom 
participation in the study that were in good physical health and did not have any other specific 
contraindications to spinal manipulative therapy. A modification was made to remove the upper 
age restriction from the exclusion criteria, based upon the fact that older patients would still be 
screened f or t he pr esence of  s pecific contraindications t o s pinal m anipulation s uch a s s pinal 
stenosis, hi story of  os teoporosis, prolonged use o f s teroid medication, e tc. Senior c itizens who 
had any of these conditions that would be considered contraindications would be excluded from 
participation based upon medical reasons, and not merely because of their age. 
 
Another modification was made regarding the amount of time from onset of low back symptoms. 
Originally t he research design called for i nclusion of onl y t hose p atients w hose ba ck p ain 
commenced within t wo w eeks of  ba seline, which c orresponded w ith on e of  t he k ey pr edictor 
variables in a recently published clinical prediction rule for manipulation success (51). However, 
this inc lusion criterion became a s tumbling bl ock to recruitment of  r esearch participants in a 
private practice setting. Many potential research participants were found to have an acute onset 
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of back pain within the previous month or two, but had to be turned away from our study based 
upon the strict inclusion criterion of two weeks onset. 
3.3 RECRUITMENT PROCEDURES 
Research subjects were recruited from three local chiropractic of fices in the P ittsburgh 
area b y t wo general s trategies; s taff i nquiry procedures a nd o ffice br ochures/posters. P atients 
who had been experiencing acute or sub-acute low back pain that made an appointment by phone 
or in person were given an informational pamphlet by the office staff or attending clinician with 
information a bout t his r esearch s tudy a nd a sked i f t hey would c onsider participating i n i t.  In 
addition, each chiropractic of fice was given pos ters to di splay in a  p rominent location in their 
waiting rooms and treatment areas, along with tri-fold pamphlets describing the research study. 
 
Patients w ho e xpressed i nterest vol unteering for t he s tudy were g iven a m ore de tailed 
explanation of  t he s tudy b y e ither t he Principal Investigator (PI) or s upport s taff pe rsons w ho 
were t rained by t he P I. This de tailed explanation included a br ief s creening t o make an  
assessment about whether the patient appeared eligible to participate in the study by meeting the 
inclusion/exclusion criteria. Checklists were provided that outlined all of the inclusion/exclusion 
criteria for screening purposes, which were used by the chiropractors and their staff members to 
screen pot ential r esearch s ubjects. The P I h eld several t raining s essions with the pa rticipating 
chiropractors and their respective office staff personnel at all three chiropractic offices, to make 
sure consistency in presentation of the research information was preserved. These meetings also 
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included training in the informed consent procedure, privacy protection, and research integrity. 
The entire informed consent document was reviewed with all staff persons. 
 
Research volunteers who passed the screening process for inclusion/exclusion criteria were taken 
to a private room where the informed consent document was thoroughly explained, and written 
consent to participate in this study was obtained before any clinical examination or treatment was 
provided. T he i nformed c onsent doc ument a nd t he r esearch p rotocol were approved b y t he 
Institutional Review Board at the University of Pittsburgh. We emphasized the volunteer nature 
of this study and told all participants that they were free to cancel their participation at any time 
if that was their choice. The informed consent process typically occurred on the same day of the 
initial ba seline e xamination. Low ba ck pa in i s t he m ost c ommon r eason f or pa tients t o s eek 
examination and treatment at a chiropractic office, and therefore it was anticipated that the pool 
of potentially eligible patients in these chiropractic offices would be rather large. 
3.4 PRELIMINARY RELIABILITY STUDIES 
3.4.1 Prone leg length analysis 
The two chiropractors who exclusively used Activator Methods in their office examined a 
series of  45 patients with a  hi story of  a cute or s ub-acute L BP for l eg l ength differences, 
according to the Activator Methods protocol (16).  Each patient was lowered f rom the upr ight 
standing pos ition t o the prone pos ition on a n A ctivator t able, a nd t he f ollowing pr otocol was 
followed by each chiropractor in sequence with each patient: 
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1)  Patient was lowered from standing position to prone position passively on an Activator table.      
Clinician inspects patient position on table and visually observes leg length by inspection of the 
feet. 
 
2) Clinician grabs feet of patient and gently pushes into plantar-flexion and external rotation, 
until mild resistance is felt. 
 
3) The leg that appears shortened is recorded as the “short leg”. 
 
4) Clinician again grabs feet of patient and gently pushes into plantar-flexion and lifts the legs by 
raising the feet and flexing the knees to approximately 90°. 
 
5) The short leg side is observed for one of three possible outcomes;  
 (a) Short leg appears to have lengthened. 
 (b) Short leg appears to have shortened further, relative to the previous observation.   
 (c) No change in leg length occurs. 
 
Patients were instructed not to communicate with the chiropractors during this study, and each 
clinician was blinded to t he out come of  t he other c linician. The pr incipal investigator was t he 
impartial observer, and recorded all of t he examination f indings and monitored the p rocess o f 
blinded examinations by the tw o clinicians. T he P I a lso r ecorded t he s ide of  l ow ba ck pa in 
reported by the patient verbally af ter both clinicians had completed their leg l ength tests. This 
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data was used to see if there was any correlation between the side of reported short leg and the 
painful side as reported by the patient. All of the data regarding each patient was recorded by the 
PI on a leg length analysis form (Appendix A). 
 
Two one -hour training s essions and or ientations were scheduled pr ior t o t he i nitiation of  t he 
study, i n or der t hat bot h c linicians were briefed on t he e xamination f orm/questions, t he l eg 
length analysis protocol, and instructions on how to follow the same procedures with all patients. 
Both chiropractors practiced the protocol on each other with the PI observing them during these 
training sessions, which were designed to minimize measurement error due to inconsistencies in 
the examination process. 
3.4.2 Facet joint and sacroiliac joint palpation 
In another private chiropractic practice where Diversified Technique was chiefly utilized 
to treat low back pain, two clinicians were asked to manually palpate a series of 50 patients for 
lumbar facet joi nt a nd sacroiliac joi nt pa in/segmental mobi lity dysfunction, a nd r ecord t heir 
findings on a n examination f orm. T he pa tients were pl aced in t he prone pos ition on a n 
examination t able b y t he P I, w ho t hen m arked t he s kin ove rlying e ach s pinous pr ocess a nd 
right/left f acet j oints f rom L1 t hrough L5. T he sacrum w as a lso m arked over S 2, a nd e ach 
sacroiliac joint right and left was marked by the PI.  
 
These skin markings were performed in order to provide the examining clinicians with common 
reference poi nts f or t heir pa lpation. E ach of  t he t wo c linicians w as a sked t o e nter t he r oom 
separately, and apply posterior to anterior manual pressure over each of the sacroiliac joints, the 
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spinous process of each lumbar vertebra, and the right/left lumbar facets joints from L1 through 
L5.  Three sets of springing palpation were performed on each patient, by each clinician who was 
blinded to other’s clinical findings: 
 
(1) The first palpation was for clinician-perceived segmental joint restriction, while the patients 
were instructed not to provide any verbal or  non-verbal communication about pain. Facet joint 
mobility at each lumbar level bilaterally, and bilateral sacroiliac joint mobility were recorded as 
0 or 1, to indicate normal motion and hypomobility respectively. 
 
(2) The second palpation was applied over the same bony landmarks, this time while asking the 
patients to tell the examiner whenever the palpatory pressure was painful over a particular joint. 
Pain responses were recorded as “painful” = 1 or “non-painful” = 0.  
 
(3) The third palpation was performed only on pa tients who reported pain provocation over one 
or more joints upon palpation. These patients were repositioned on the exam table such that their 
feet touched the f loor, and then were asked to lift their legs a  few centimeters off the  floor to 
engage the er ector spinae muscles. The cl inicians then re-applied springing palpation over any 
previously p ainful j oints a nd reported whether t here was a  ch ange i n t he pa in provocation 
pattern. T his pr ocedure ha s be en described elsewhere as  a t est for lumbar segmental 
hypermobility known generally as the prone instability test (52). 
 
The f ollowing p rotocol i s a  s ummary o f t he specific steps tha t were followed by each 
chiropractor in sequence with each patient: 
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(1a) Clinician placed the heel of his hand over the right sacroiliac joint and applied PA 
pressure and then repeated this procedure over the left sacroiliac joint. Their perceptions 
of joint mobi lity were recorded as 0=”no restriction” or 1=”segmental r estriction” ove r 
each joint, while the patients were told not to verbalize any pain they were experiencing. 
  
(1b)  Clinicians contacted the spinous process of L5 and applied springing pressure in a 
posterior t o a nterior ( PA) di rection, and then r epeated thi s ma nual s pringing pressure 
over each subsequent spinous process at L4, L3, L2, and L1. Their perceptions of  joint 
mobility were recorded as 0 or 1 ove r e ach j oint, w hile t he patients w ere tol d not to  
verbalize any pain they were experiencing. 
 
(2a)  Same examination process as (1a) above, but this second manual as sessment was 
used to de termine t he p resence of  any pa in p rovocation r esponses a t e ach S I j oint a s 
patients w ere no w i nstructed t o t ell t he e xaminer w hich j oints w ere pa inful upon 
palpation. Responses were recorded by the PI as 0 = no pain produced upon palpation or 
1 = pain produced up on pa lpation. T he c linicians w ere not  a sked t o r eport t heir 
perceptions of joint mobility on this second set of palpation. 
  
(2b) S ame pr ocedure a s ( 2a) a bove, but  a ssessing pa tient r esponse t o pa in a t e ach             
segmental level. Record as 0 = no pain, or +1 = pain. 
 
 47 
(3)  If pain is provoked at any segments in 2a or 2b above, then repeat palpation at these 
levels with the patient repositioned with slight contraction of the back extensor muscles 
(per prone instability test). Record as 0 = no pain, or +1 = pain. 
 
The PI recorded the segmental mobility and pain provocation responses from each clinician on 
each patient on a springing palpation analysis form (Appendix B ). Two one -hour training 
sessions and or ientations were scheduled pr ior to the initiation of  the s tudy, in order that both 
clinicians were briefed on t he overall examination process, s pringing pa lpation protocols, a nd 
instructions on how to follow the same procedures with all patients. The two clinicians practiced 
their pa lpation skills on  t he P I, w ho gave f eedback t o e ach o f t hem regarding t he pe rceived 
amount of applied force and other aspects of the palpation process. 
 
The tr aining s essions w ere de signed to minimize inc onsistencies be tween the e xaminers w ith 
respect t o the am ount o f f orce a pplied dur ation t he pa lpation a nd va riations i n t he pa lpation 
methodology.   
3.5 PRIMARY RESEARCH: OBSERVATIONAL COHORT STUDY 
3.5.1 Drug/Device Information 
The onl y m edical de vice us ed i n t his s tudy w as t he A ctivator IV Instrument, FDA 
approval  # K003185.  Manufacturer: Activator Methods International Ltd., 2950 N  7th Street, 
Phoenix, A Z 85014. T his i nstrument i s a  ha nd-held device t hat co ntains a s pring-loaded 
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mechanism that delivers a mechanical impulse over bony prominences and is used by Activator 
Methods clinicians as an alternative to manual manipulation. 
3.5.2 Overview of research design 
This w as a n obs ervational s tudy t hat e mployed a  pr ospective c ohort de sign. T he s tudy 
looked at the clinical outcomes of two cohorts of low back pain (LBP) patients in three separate 
chiropractic c linics tha t ut ilize tw o different t ypes of  s pinal manipulation methods. One c linic 
uses t he A ctivator Instrument e xclusively f or t reatment of  LBP a nd t he ot her t wo c linics us e 
manual manipulation methods exclusively. The main outcome measures were pain and function, 
as measured by the Numeric Pain Rating Scale (NPRS) (53) and the Oswestry Low Back Pain 
Disability Index Questionnaire (ODI) (54) respectively. Samples of the NPRS and ODI forms are 
attached as A ppendix C  a nd D . B oth of  t hese out come m easures ha ve be en w idely us ed i n 
previously published low back pain clinical trials. 
 
The N PRS ut ilized i n t his s tudy ha d pa tients r eport t hree l evels of  pa in on a n 11 poi nt s cale 
ranging from 0 (no pain) to 10 (worst pain); 1) Pain level right now, (2) Worst pain level in past 
24 hours, and (3) Best level of pain in past 24 ho urs. The primary outcome measure utilized in 
this study took the average of the “pain right now” and “worst pain in past 24 hours” scores. 
 
The ODI form consists of a series of ten questions that each have six possible responses that are 
graded f rom 0 t o 5 poi nts, ba sed upon t he s everity of  s elf-perceived disability r egarding ea ch 
question. T herefore t he total pos sible num ber o f poi nts i s 10 x  5 =  50  points, w hich w ould 
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indicate c rippling di sability. It i s c ustomary t o r eport O DI s cores a s a  percentage, w hich i s 
derived by dividing the number of total points by 50.  
 
Approximately 95  patients with l ow back pa in of  0 -12 weeks duration and who met t he other 
inclusion/exclusion criteria out lined previously were r ecruited to participate in this prospective 
cohort study over the course of a year and a half. The ideal goal was to recruit a grand total of 
100 pa tients ( 50 i n e ach c ohort) w ith t he act ual f inal number m eeting 95 % of  thi s ini tial 
recruitment goal.  
 
After giving informed consent, the two cohorts of patients were each followed as they received 
these t wo t ypes of  chiropractic m anipulation. N o e xperimental t reatments or  pl acebo groups 
were i nvolved w ith t his s tudy, s ince t his w as a n obs ervational s tudy o f t reatment-as-usual i n 
these three private chiropractic clinics. In addition to the NPRS and ODI questionnaires which 
were t he p rimary and secondary out come m easures, several addi tional pa tient s elf-reported 
questionnaires were administered to the patients in order to assess their level of  self-perceived 
disability, fear avoidance beliefs, and self-reported change in clinical status.  
 
These self-reported questionnaires included the Roland-Morris Questionnaire (Appendix E) (55), 
the F ear A voidance B eliefs Q uestionnaire ( Appendix F ) (56), a nd P atient G lobal Index of  
Change form (Appendix G) (57). The Roland Morris Disability Questionnaire is  s imilar to the 
ODI, and is a validated instrument for assessing self-reported disability from low back pain. The 
Fear Avoidance Beliefs Questionnaire is a validated instrument that consists of two sub-scales, 
one f or a ssessing t he l evel of  s elf-perceived fear a bout nor mal a ctivities of  da ily (Physical 
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activities subscale) and the other for assessing fear about work related activities (Work subscale). 
For t he pur poses of  t his s tudy, onl y t he ph ysical a ctivities s ubscale w as ut ilized. T he P atient 
Global Index of  C hange i s a  va lidated t ool f or a ssessing a pa tient’s l evel of  s elf-perceived 
change in their condition during treatment. It consists of a single sentence asking what level of 
change (worsening or  improvement) has occurred dur ing t reatment, us ing a  s even point Likert 
scale ranging from “much worse” to “much better”, with “no change” as the middle point. 
 
All of these forms were administered prior to the initiation of treatment at the baseline visit, and 
then subsequently at four weeks following the baseline visit. The NPRS, ODI, and PGIC were 
also administered at one and twelve weeks. Two additional forms were given to the patients only 
at the  ba seline vi sit, a tr eatment c redibility/expectation form ( Appendix H ) a nd a s ocio-
demographic que stionnaire ( Appendix I).  T able 10 be low g ives a vi sual out line of  a ll t hese 
questionnaires and the timetable of their administration during the study. 
Table 10: Timetable of questionnaire administration 
 
 
At the  ini tial ba seline vi sit, the tr eating c hiropractor a scertained that c onsenting pa tients w ere 
candidates for spinal manipulative therapy, did not have any red flags of serious pathology, and 
met t he g eneral i nclusion criteria f or t he s tudy. T he abov e self-report que stionnaires w ere 
administered prior to the physical examination, at the same office visit. The initial examination 
 Baseline Week 1 Week 4 12 weeks 
Numeric pain rating scale (NPRS) X X X X 
Oswestry (ODI) X X X X 
Fear avoidance beliefs questionnaire    X  X  
Roland-Morris X              X  
Patient global index of change  (PGIC)  X X X 
Treatment credibility/expectation    X                
Sociodemographic data X    
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also i ncluded lumbar r anges of  motion, prone l eg l ength analysis (Activator of fice) and spinal 
palpation for facet and sacroiliac joint mobility and pain provocation (Diversified office). 
 
After th e ini tial e xamination, the p atients r eceived the nor mal mode o f c hiropractic c are a s 
determined by their attending chiropractor at each of the three offices participating in this study. 
It was not feasible for the PI to monitor all of the treatments at each private clinic and therefore 
this s tudy relied on the veracity of the written medical records. The participating chiropractors 
were instructed to treat the research subjects the same as they would with any other regular LBP 
patient a t t heir of fice. H owever, i n or der t o a void pot ential c onfounding, t hey were a sked t o 
refrain from providing axial lumbar traction or specific rehabilitative exercises dur ing the  four 
week p eriod of  t his s tudy. Lumbar t raction and specific ex ercises m ay have an independent 
treatment e ffect tha t w ould cloud statistical e valuation of the  ma in variable of  int erest; i.e . 
mechanical vs. manual manipulation methods. 
 
The c hiropractors w ere pe rmitted t o a pply adjunctive ph ysical agents, such as el ectrical 
stimulation, ul trasound, hot /cold packs, as these modalities have previously been shown not  to 
add any s ignificant additional tr eatment effect to  manipulation for the  tr eatment of  a cute LBP 
(58, 59). In addition, the clinicians would occasionally give postural advice and general exercise 
instructions to their patients. It was not considered ethical to prohibit the treating chiropractors 
from using these adjunctive therapies, postural advice, and general exercise advice. All of these 
adjunctive pr ocedures w ere recorded in t he m edical r ecords and the ut ilization rates of  each 
modality were compared between the two cohorts at the end of the study. 
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Research subjects were treated by their attending chiropractors for a maximum of four weeks or 
eight t reatment s essions, whichever o ccurred f irst. At ei ther end point, t he r esearch s tudy was 
terminated and patients w ere tol d that if  a dditional tr eatment w as r equired, they would be 
treating outside the parameters of the research study. All patients were informed that they would 
receive t welve w eek follow-up pa perwork b y mail a nd w ould not  be  r equired t o r eturn f or 
another physical examination at that t ime. Since this was a t reat-as-usual study, all the subjects 
were private patients at the participating chiropractic offices and paid for their treatments with 
private insurance or self-pay. No auto accident or worker’s compensation patients were recruited 
in either cohort. 
3.6 STATISTICAL DESIGN 
3.6.1 Reliability Studies 
There w ere t wo separate and distinct i nter-examiner r eliability s tudies tha t w ere 
performed, both of  which relied chiefly upon calculation of  raw percentages of  agreement and 
Kappa s tatistics f or de termination of the  le vel of  r eliability. However, each study h ad uni que 
attributes that required slightly different statistical analysis.  
 
The prone leg length study involved collection of data regarding the c linician-reported s ide of  
short leg and the patient-reported side of pain. These observations were analyzed using a simple 
2 x  2 t able and Chi square cross-tabulation. Kappa s tatistics were calculated for the  remaining 
data, which included the level of agreement between the two clinicians for side of short leg with 
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knees e xtended, a mount of  l eg l ength di fference, c hanges i n s hort l eg w ith he ad rotation 
right/left, and changes in short leg with knee flexion. We also calculated the prevalence and bias 
indices for each variable, and used these values to determine the respective Prevalence-Adjusted 
Bias-Adjusted Kappa (PABAK) coefficients. The methodology and rationale for using PABAK 
values is well described in an article on the subject by Sim and Wright (60). 
 
Sample size was calculated using various possible values of coefficients of determination (rho) 
or Kappa scores of .40 or higher, with the reasoning that any value less than .40 would indicate 
poor reliability and would be clinically irrelevant. Choosing an alpha level of .05 and beta level 
of .20, s ample size calculation indicates a minimum sample size of  n = 38 subjects in order to 
capture a l evel of  r eproducibility i n the f air t o moderate r ange ( K≥ .40). Therefore, the f inal 
sample size of n = 45 had 80% power to detect a significant Kappa value of .40 or higher. 
 
For the springing palpation reliability study, the data was collected in the form of dichotomous 
variables for each of the three parts of the palpatory examination and analyzed with the Kappa 
statistic, the most appropriate reliability coefficient for this type of data. We also calculated the 
prevalence and bias indices for each variable, and used these values to determine the respective 
Prevalence-Adjusted Bias-Adjusted Kappa ( PABAK) co efficients. Percentages o f a greement 
between the t wo examiners w ere also reported for m obility, pa in pr ovocation, a nd t he pr one 
instability test, as well as the raw numbers of positive and negative examination findings.  
 
Although we recorded raw data at each lumbar segmental level, the raw data were collapsed for 
purposes of statistical analysis into two broad categories of “upper lumbar” and “lower lumbar” 
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as follows; the upper three lumbar facet joints (L1-2, L2-3, L3-4) on each side were coded into 
the variables “upper left” and “upper right”, and the lower two facet joints and sacroiliac joints 
into t he va riables “ lower r ight” a nd “ lower l eft”. T he s pinous pr ocesses from L1, L2, a nd L3 
were coded into the variable “upper spinous” and those from L4 and L5 into “lower spinous”.  
 
For the prone instability test, we considered any spinous process that was painful on t he initial 
prone pos ition of  pa lpation to r eflect a r esponse of “pain provoked” r egardless of  which l evel 
elicited the pain response, and when that pain was relieved with elevation of the feet we recorded 
this a s a  “ positive t est”. T herefore, w e a rbitrarily divided t he pr one i nstability te st int o two 
portions a nd c alculated Kappa va lues on e ach s eparately. T he f irst por tion of  t he t est w as t he 
pain provocation upon s pinous process palpation with the patient lying prone on the exam table 
with their f eet touching the f loor. T he s econd p ortion of  t he t est oc curred when the feet were 
elevated off the floor, while palpation was again performed over the spinous processes. 
 
Our rationale for collapsing the segmental data into upper and lower lumbar variables fits with 
the r eality of  nor mal c linical pr actice, in which c linicians a re of ten ma king jud gments a bout 
upper or lower lumbar dysfunctions. Although we collapsed the sacroiliac data into the “lower 
lumbar” c ategory, we d ecided to also analyze t he s acroiliac da ta s eparately and report t hose 
values by themselves. The rationale for this decision was based upon typical clinical practice in 
which many c linicians purport tha t the  s acroiliac joi nt ha s s pecial imp ortance in the ma nual 
palpation examination and spinal manipulation procedures.  
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3.6.2 Cohort Study 
The cohort study data was first analyzed with descriptive statistics of the various baseline 
socio-demographic va riables i ncluding a ge, gender, employment, smoking s tatus, level of  
education, marital s tatus, income level, pr evious c hiropractic experience, et c. The categorical 
variables w ere t ested with Chi s quare ana lysis of  t he r espective r ow by  column tables, and 
continuous variables were analyzed with a simple t-test of the means. This baseline analysis was 
performed in order to explore any differences between the two cohorts, in consideration that any 
significant differences might require consideration as potential covariates in the primary analysis. 
 
The primary and secondary outcome measures were analyses of the differences between baseline 
and four-week scores for the Numeric Pain Rating Scale (NPRS) and the Oswestry Low Back 
Pain Disability Index Q uestionnaire (ODI) r espectively. T here were two pos sible ways t o 
perform a  statistical analysis of t hese s cores; ( 1) T aking t he f our-week final scores as  t he 
dependent variable and “group” as the independent variable while controlling for baseline score 
or ( 2) C alculating di fference s cores t o be us ed as t he de pendent va riable w ith “group” as t he 
independent variable. There is no consensus on which method is preferable, with various authors 
advocating one method or the other (61, 62). 
 
For this study, it was decided that the primary form of statistical analysis would be an ANCOVA 
design, using the four-week pain scores as the dependent variable with group, expectation, and 
age a s t he i ndependent va riables w hile c ontrolling f or ba seline p ain score as  t he cov ariate. 
However, purely for sake of an exercise in statistical design, a secondary analysis was performed 
using t he di fference s cores a s t he de pendent va riable. Difference s cores w ere cal culated by 
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subtracting the four-week NPRS and ODI scores from their respective baseline scores for each of 
the t wo t reatment c ohorts. A n a nalysis of  va riance ( ANOVA) w as t hen pe rformed us ing t he 
NPRS di fference s cores as t he de pendent va riable w ith c ohort, e xpectation a nd a ge as t he 
independent va riables, without a ny adjustment f or ba seline pa in. A similar ANOVA w as 
performed with the ODI difference scores as the dependent variable, and the same independent 
variables. 
 
The m easurement of  t reatment ex pectancy c ame f rom a que stionnaire t hat as ked the r esearch 
subjects to report on a Likert scale (0-7) how much worse/better they expected to be after one  
month of treatment. The expectation score was added to the ANOVA models noted previously as 
another independent variable, along with the cohort by expectation interaction term. The purpose 
of this analysis was to explore the main effect of treatment expectation on the outcome measures, 
and more specifically to see if this effect differed across the two cohorts. 
 
Lastly, scores from the Fear Avoidance Belief Questionnaire (FABQ) were obtained at baseline 
and four-weeks. To test for any significant differences between the two cohorts on FABQ scores 
simple independent sample t-tests at baseline and at four-weeks were performed, looking for any 
significant differences between the mean values of the two cohorts at these two time points. 
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4.0  RESULTS 
4.1 SPECIFIC AIM 1: RELIABILTY STUDIES 
4.1.1 Prone leg length analysis 
The frequency distributions of the side of reported pain are none=9, right=9, left=10, and central 
or bi lateral=17. Note t hat t here are a w ide va riety of  obs ervations, w ith m ost of  t he pa tients 
reporting central pain (n=17) and almost equal distributions of right (n=9) and left (n=10) sided 
pain. A number of patients (n=9) also reported feeling no pain on the day of examination. 
 
Chi square (χ2) ana lysis of these f requencies using c ross-tabulation of  “side of  short l eg” with 
“side of  r eported pa in” did not s how an y s tatistically s ignificant cor relation above ch ance 
observation. This cross-tabulation was pe rformed for t he results of  each of the t wo ex aminers 
separately. For the first clinician χ2=.55 (p=.91) and for the second clinician χ2=1.55 ( p=.67). 
Note that in the charts of data from both clinicians there is almost equal distribution of right and 
left s hort l egs w ith bot h r ight a nd l eft s ide of  pa in, no pa in, a nd c entral pa in, w ithout a ny 
apparent pattern or correlation between the variables. 
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When c omparing t he t wo e xaminers’ obs ervations a bout t he s ide of  short l eg, t hey s howed 
82.2% raw agreement with a  K appa va lue of  .65 t hat w ould be i nterpreted a s “ good” t o 
“substantial” inter-examiner reliability, with the clinical inference that two clinicians can agree 
on the side of short leg reasonably well.  
 
The two examiners were asked to de termine the approximate amount of  l eg l ength di fference, 
using four categories of <¼”, ¼-½”, ½-¾”, or  >¾”. No ruler or tape measure was used in this 
study; t he examiners w ere as ked to “eyeball” t he pe rceived amount of  l eg length difference. 
There were no cases of either clinician reporting a difference of >¾” and only two reported cases 
of ½-¾” di fferences. Therefore i t was decided to collapse t he t hree hi gher cat egories i nto one 
global cat egory of  “¼”  or  g reater”, and analyze the data using a cross-tabulation between two 
new categories of “less than ¼” versus “¼”or greater”. These were coded with the dichotomous 
variables “0”  and “1” r espectively. There w as 6 6.7% agr eement o n the amount of  l eg l ength 
difference which gave a Kappa value of .28 that can be interpreted as “fair” reliability. 
     
Kappa values for head rotation to the r ight and left were calculated separately (n=22), with no 
significant findings found for this portion of the leg length analysis. For head rotation to the left 
inter-examiner agreement was 50% (Kappa=.04), and for head rotation to the left agreement was 
45.5% (Kappa= -.19). These Kappa values indicate virtually no i nter-examiner reliability above 
chance observation. The negative Kappa value is not a mistake; a negative value denotes that the 
recorded raw agreement was less than 50% or chance observation. These data indicated that with 
head rotation to the left, the raw agreement was less than chance at 45%. 
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The last part of the statistical analysis involved the inter-examiner reliability for Position Two of 
the leg length analysis, in which the clinicians flexed the patients’ knees to 90° and observed for 
any changes on t he short leg s ide. It was interesting to f ind that the two examiners had 93.3% 
agreement t hat t he short l eg s ide got “longer” d uring this por tion o f t he analysis. Despite thi s 
level of raw agreement, a Kappa statistic could not be calculated on this portion of the test, due 
to the extremely high prevalence of cases in the concordant cell “short leg gets longer” (42 of 45 
cases) and no r eported cases of  “short l eg gets s horter” b y either examiner. The results of  a ll 
these data analyses are presented in Table 11 below: 
Table 11: Analysis of data from leg length reliability study. 
Clinical Procedure Kappa 95% CI % 
agreement 
Prevalence 
Index 
Bias  
Index 
Determination of which is 
the short leg side 
.65 .43, .87 82% .02 .04 
Estimation of the amount 
of difference (¼”, ½”, etc) 
.22 .01, .55 62% .31 .16 
Change in short leg with 
head rotation to left 
.04 -.25, .33 50% .41 .36 
Change in short leg with 
head rotation to right 
-.20 -.30, .38 45% .45 .41 
Change in short leg with 
knees flexed 
0.0* -1.0, 1.0 93%* .93 .00 
Observation of a short leg 0.0* -1.0, 1.0 100%* 1.0 .00 
 
4.1.2 Facet joint and sacroiliac joint palpation 
Data were collected from 39 subjects in the form of dichotomous variables for each of the three 
parts of  the palpatory examination and analyzed with the Kappa s tatistic, the most appropriate 
reliability coefficient for this type of data (63). Kappa values reflect the percentage of agreement 
between examiners that i s above  chance agreement. Simple percentages of agreement be tween 
the two examiners were reported for mobility, pain provocation, and the prone instability test, as 
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well as the raw numbers of positive and negative examination findings. The prevalence and bias 
indices for each variable were calculated, and these values were used to determine the respective 
Prevalence-Adjusted Bias-Adjusted Kappa (PABAK) c oefficients. T he m ethodology a nd 
rationale f or us ing P ABAK va lues is  w ell de scribed in an article on the s ubject b y S im a nd 
Wright (60). 
 
Although r aw d ata was c ollected at each segmental l evel, the r aw da ta w ere collapsed for 
purposes of statistical analysis into two broad categories of “upper lumbar” and “lower lumbar” 
as follows; the upper three lumbar facet joints (L1-2, L2-3, L3-4) on each side were coded into 
the variables “upper left” and “upper right”, and the lower two facet joints and sacroiliac joints 
into t he va riables “ lower r ight” a nd “ lower l eft”. T he s pinous pr ocesses from L1, L2, a nd L3 
were coded into the variable “upper spinous” and those from L4 and L5 into “lower spinous”.  
 
For the prone instability test, any spinous process that was painful on the initial prone position of 
palpation was considered t o r eflect a  r esponse of “ pain p rovoked” r egardless of  w hich l evel 
elicited the pa in response, and w hen t hat pa in was r elieved w ith e levation of  t he f eet it w as 
recorded as a “positive test”. Therefore, the prone instability test was arbitrarily divided into two 
portions, with Kappa values calculated on each portion separately. The f irst portion of  the test 
was t he pa in pr ovocation upon s pinous pr ocess pa lpation w ith t he pa tient l ying pr one on t he 
exam table with their fee touching the f loor. The second portion of  the test occurred when the 
feet were elevated off the floor, while springing palpation was again performed over the spinous 
processes. 
 
The rationale for collapsing the segmental data into upper and lower lumbar variables fits with 
the r eality of  nor mal c linical pr actice, in which c linicians a re of ten ma king jud gments a bout 
upper or lower lumbar dysfunctions. Although we collapsed the sacroiliac data into the “lower 
lumbar” c ategory, we d ecided to also analyze t he s acroiliac da ta s eparately and report t hose 
values by themselves. The rationale for this decision was based upon typical clinical practice in 
which many c linicians purport tha t the  s acroiliac joi nt ha s s pecial imp ortance in the ma nual 
palpation examination and spinal manipulation procedures. 
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Sample size was calculated using various possible values of coefficients of determination (rho) 
or kappa values of .40 or  higher, with the reasoning that any value less than .40 w ould indicate 
poor reliability and would be clinically irrelevant. Choosing an alpha level of .05 and beta level 
of .20, sample size calculation indicated a minimum sample size of n = 38 subjects in order to 
capture a l evel of  r eproducibility i n the f air t o moderate r ange ( K≥ .40). T herefore, t he f inal 
sample size of n = 39 would appear to have 80% power to detect a significant kappa value of .40 
or higher. 
 
The da ta ana lysis i ncluded c alculations of  s tandard ka ppa v alues w ith t heir r espective 95%  
confidence i ntervals ( CI), prevalence-adjusted bi as-adjusted kappa (PABAK) v alues, raw 
percentages of  a greement, pr evalence i ndex, bi as i ndex, a nd r aw num bers of  pos itive ( +ve) /  
negative ( -ve) f indings f or e ach e xaminer. A  pos itive f inding w as defined a s e ither pa in 
provoked during palpation (pain tests) or examiner determination of “joint restriction” (mobility 
tests) during palpation. All of these data are summarized in Table 12 below: 
 
Table 12: Data analysis from palpation reliability study. “High” is the group variable for L1-2-3-4 facets 
and “low” is the grouping variable for L4-5-S1 facets. Abbreviations: PABAK= Prevalence-adjusted Bias-adjusted 
Kappa; Positive = “+ve”, Negative = “-ve”. 
 
Region of Palpation Kappa  
un-adjusted κ 
95%CI 
un-adjusted κ 
PABAK 
adjusted κ   
       % 
agreement 
prevalence 
index 
bias 
index 
Examiner 1 
-ve/+ve 
Examiner 2 
-ve/+ve 
Low mobility left -.17 -.41, .06 .08 54% .49 .15 26/13 32/7 
Low spinous mobility  -.05 -.36, .27 .11 56% .41 .03 28/11  27/12 
Low mobility right -.12 -.41, .18 -.09 46% .36 .03 26/13 27/12 
         
High mobility left .17 -.14, .48 .44 72% .46 .13 26/13 31/8 
High spinous mobility  .02 -.27, .32 .07 54% .28 .15 28/11 22/17 
High mobility right -.01 -.33, .30 .44 72% .67 .03 32/7 33/6 
         
Sacroiliac mobility right -.10 -.18,-.02 .64 82% .82 .03 36/3 35/4 
Sacroiliac mobility left -.11 -.21,-.01 .54 77% .77 .08 33/6 36/3 
         
Low pain left .73 .51, .95 .74 87% .26 .08 23/16 26/13 
Low spinous pain  .57 .32, .83 .58 79% .23 .10 13/26 17/22 
Low pain right .52 .25, .79 .54 77% .21 .03 23/16 24/15 
         
High pain left .46 .17, .75 .48 74% .23 .05 23/16 25/14 
High spinous pain  .21 -.10, .53 .34 67% .15 .03 23/16 22/17 
High pain right .38 .06, .69 .54 77% .31 .03 25/14 26/13 
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Sacroiliac pain right .14 -.19, .47 .38 69% .54 .05 29/10 31/8 
Sacroiliac pain left .33 0.0, .66 .54 77% .56 .08 29/10 32/7 
         
Prone instability test (1) .54 .27, .81 .58 79% .33 .05 12/27 14/25 
Prone instability test (2) .46 .15, .77 .58 79% .49 .05 28/11 30/9 
 
 
As a general rule, the results showed that the pain provocation tests were more reliable (κ 
range, .21 to .73) than the segmental mobility tests (κ range, -.17 t o .17)  w ith r espect t o t he 
unadjusted kappa values. There was little change in the pain provocation values when comparing 
the unadjusted Kappa values (κ range, .21 to .73) with the adjusted values (PABAK range, .34 to 
.74). The prone instability test showed moderate reliability with both unadjusted (κ range, .46 to 
.54) a nd a djusted Kappa va lues ( PABAK range, .58 t o .58 ). Landis and K och (63) have 
suggested the following standards for strength of agreement for Kappa coefficients:  
• ≤ 0 = poor reliability 
• .01-.20 = slight reliability 
• .21-.40 = fair reliability 
• .41-.60 = moderate reliability 
• .61-.80 = substantial reliability 
• .81-1.0 = almost perfect reliability 
 
One int eresting obs ervation is the la rge inc rease in the r eliability f or the  s acroiliac joi nt ( SIJ) 
data with r espect t o both pa in and mobility t esting when us ing the adjusted Kappa va lue. The 
unadjusted Kappa range for pain provocation over the SIJ is .14 to .33, which is considered poor 
to f air r eliability. H owever, w hen a djusted f or p revalence a nd bi as, t he P ABAK va lue f or S IJ 
pain provocation rises substantially to a range of .54 to .56, which is considered good reliability. 
The S IJ mobi lity te sting data i s e ven m ore a ffected b y K appa a djustment; una djusted K appa 
values range from -.10 to -.11 and rise to a PABAK range of .77 to .82. Essentially, if one looks 
at the unadjusted Kappa values for S IJ mobility testing the conclusion i s that the p rocedure i s 
completely unreliable and actually less than chance (negative values), but an extremely reliable 
procedure when looking at the adjusted Kappa values. This large differential between adjusted 
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and unadjusted Kappa values causes some concern about which values reflect the true reliability 
of the procedure. 
4.2 SPECIFIC AIM 2: OBSERVATIONAL COHORT STUDY 
4.2.1 Socio Demographic Baseline Characteristics 
All research subjects were asked to complete a s ocio-demographic questionnaire on the 
baseline vi sit t hat c aptured a  num ber of  v ariables tha t mig ht pot entially affect the ir c linical 
outcomes. A  copy of  t his que stionnaire i s l ocated i n t he A ppendix s ection ( Appendix I). T he 
compliance w ith participants completing t his q uestionnaire w as g ood e xcept f or t he que stion 
regarding income, which a large number of subjects did not complete. 
 
The socio-demographic data were analyzed with the Chi Square test that was performed on all of 
the categorical variables to compare the frequency distributions between the two cohorts. A t-test 
was used to compare the mean ages (continuous variable) between the two cohorts. The results 
of this basic socio-demographic analysis revealed that the two cohorts did not differ significantly 
on any o f t hese va riables ot her t han age, which w as s ignificantly higher i n t he m anipulation 
cohort. Age was therefore used as a  covariate in a  subsequent regression analysis, but  was not  
found to have a main effect on changes in pain or Oswestry scores (see RESULTS section). Age 
was not significantly correlated with either NPRS or ODI scores at baseline or four-weeks. Table 
13 below provides a summary of the socio-demographic data analysis: 
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Table 13: Baseline socio-demographic characteristics of research subjects 
Socio-Demographic 
Variable 
Activator Manipulation p-value  
(Chi-square) 
 n = 55 n = 38  
Gender (Males) 56% 54% .81 
Age  
(mean/standard deviation) 
38.4 yrs (15.1) 49.7 yrs (14.6) .001** (t-test) 
Race (Caucasian) 100% 100% n/a 
Marital Status   .21 
                            Single 35% 18%  
                             Married 56% 68%  
                                 Other 9% 14%  
Education    .25 
             ≤ High School 49% 36%  
                   College 51% 64%  
Income   .25 
    ≤ $35,000/ yr 56% 47%  
      $35,001 to $70,000 30% 23%  
   > $70,000/ yr 15% 30%  
Employment Status   .99 
    Working Full-time 65% 63%  
    Working Part-time 13% 13%  
    Other (not working) 22% 24%  
Smoker    30% 26% .73 
Medications   .14 
                        None 59% 78%  
                       NSAIDs 32% 19%  
 Prescription pain meds 9% 3%  
 
4.2.2 Analysis of Numeric Pain and Oswestry Scores 
The primary outcome measure in this study was the change in numeric pain rating scores 
(NPRS) from baseline to four weeks, with the secondary outcome measure being the change in 
Oswestry low back pain disability (ODI) scores during the same time period. The NPRS scores 
at baseline and four weeks were recorded as the average of the “pain right now” and “worst pain 
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in past 24 hours” questions on the triple numeric pain scale. The Oswestry scores were reported 
as percentages, by taking the raw total score and dividing by 50. 
 
The t wo c ohorts ha d s imilar ba seline m ean pa in s cores, with the manual m anipulation g roup 
ending up with a  slightly lower f our-week m ean pa in s core. H owever, a fter controlling for 
baseline pain and expectation, the difference in four-week pain scores between the two cohorts 
was not statistically significant (p=.07, 95% CI; -1.68, .068). The change scores were 3.5 points 
for the Activator cohort and 4.3 points for the manipulation cohort which was also not significant 
(p=.12, 95% CI; -.21, 1.81). A graphic display of the mean baseline and four-week pain scores in 
each cohort, as well as their respective change scores is depicted in Figure 3 below: 
 
Figure 3: Baseline and four-week mean pain scores by cohort 
 
The data were analyzed using a regression model with pain score at four-weeks as the dependent 
variable, cohort as t he key independent va riable, w hile c ontrolling f or c entered ba seline pa in 
score as  a cov ariate. The ba selines s cores w ere centered by subtracting each individual scores 
from the mean baseline scores (within-group mean) in each cohort. Since age was the only socio-
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demographic variable that was statistically different between the two cohorts at baseline, age and 
its int eraction term (age*cohort) were a dded t o the m odel. Lastly, a nother h ypothesis of  t his 
study was that treatment expectation might be a strong predictor of clinical success and therefore 
expectation and its interaction term (expectation*cohort) were added to the model as well.  
 
The f ull mode l s tarted with pain score at f our-weeks as  t he de pendent va riable, with these 
independent va riables: c ohort, centered baseline pain, age, a ge*cohort i nteraction, expectation, 
and expectation*cohort interaction. This model showed that there was a significant main effect 
for expectation, but that this effect was not  s ignificantly different between the two cohorts (no 
significant interaction effect) and therefore ex pectation was r etained in the m odel, but  t he 
interaction term was dropped. There w as no m ain e ffect for a ge and no s ignificant interaction 
effect, and therefore these two variables were dropped from the model. The final model retained 
three variables; cohort, centered baseline pain, and expectation. 
 
Difference s cores were also created b y subtracting t he four-week pain scores f rom t heir 
respective baseline values, and a s ubsequent r egression analysis w as performed us ing t he 
difference scores as the dependent variable with cohort and expectation as the main independent 
variables. The results of  this alternative regression model were not  substantially di fferent from 
the original model using the four-week pain scores as the dependent variable and controlling for 
baseline pain as a covariate. The ANOVA tables, regression models, and STATA syntax for all 
of these regression models are listed in Appendix J. 
 
 67 
The secondary outcome analysis was performed using a similar regression model, but this time 
substituting the four-week Oswestry (ODI) scores as the dependent variable. The same step-wise 
process of different regression m odels was u sed w ith t hese covariates: centered baseline 
Oswestry score, age, expectation, and their respective interaction terms.  As with the previous 
regression models us ing pa in scores, a ge and i ts i nteraction t erm did not  show any significant 
effects and were dropped from the final model. Expectation did not show a m ain effect and its 
interaction term was also non-significant, therefore both variables were dropped. The final model 
compared four-week Oswestry s cores between the t wo cohorts while controlling f or b aseline 
Oswestry score. 
 
Figure 4 below is a graphic display of the mean baseline and four-week Oswestry scores in each 
cohort. The two cohorts had s imilar baseline mean ODI scores, w ith t he manual manipulation 
group e nding up  w ith a  non -significant l ower four-week m ean O DI s core with a r egression 
model that controlled for baseline Oswestry score (p=0.6, 95% CI; -6.9, 4.0).  
 
Figure 4: Baseline an d four-week m ean Oswestry scores b y co hort. The f our-week s cores were n ot 
statistically significant after controlling for baseline pain and expectation (p=0.6, 95% CI; -6.9, 4.0). The difference 
in pain scores between baseline and four-weeks (20.5 vs. 25.0) were also not statistically significant (p=.20, 95% CI; 
-2.4, 11.12). 
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Difference s cores w ere also calculated by s ubtracting t he four-week scores f rom t he ba seline 
scores, and an alternative regression model was run using the difference scores as the dependent 
variable. The r esults di d not  r eveal any s tatistically s ignificant m ain effect f or O DI di fference 
scores between the two cohorts (p=.20, 95% CI; -2.4, 11.12). The mean change in ODI score was 
20.5 poi nts f or the A ctivator c ohort a nd 25 poi nts f or t he m anual m anipulation c ohort. The 
ANOVA tables, regression models, and STATA syntax for these Oswestry regression analyses 
can be found in Appendix J. 
4.3 SPECIFIC AIM 3: EXPECTATIONS/PATTERNS OF CARE 
4.3.1 Treatment Expectations Questionnaire 
In a ddition t o r ecording ba sic s ocio-demographic i nformation, r esearch subjects w ere 
also asked to complete a treatment expectations questionnaire. This questionnaire was developed 
by the PI for the purpose of this study, and was not subjected to any formal reliability or validity 
testing. H owever, i t w as t hought t hat g athering t his i nformation w ould be  i mportant f or 
exploring the possible differences in treatment expectation from patients who were self-selecting 
two ve ry di fferent t ypes of  c hiropractic m anipulative t reatment. A  c opy of  t his e xpectations 
questionnaire is included in the Appendix section (Appendix H).  
 
The Activator Methods protocol i s marketed to the general publ ic as be ing a  safer and gentler 
alternative to manual manipulation, and many patients seek treatment with the Activator Method 
because they are fearful or concerned about thrust manipulation. Conversely, patients who have 
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experienced effective r elief w ith manual m anipulation are dubi ous about  a m echanical de vice 
which they p erceive as  delivering a m inimal l evel of  f orce and not com parable w ith manual 
manipulation. It was a specific aim of this study to explore some of these differences in attitudes 
and beliefs about chi ropractic t reatment m ethods, and therefore t his t reatment ex pectations 
questionnaire was designed with the intent of capturing some of this information. 
 
A few challenges arose with t he implementation of  t his questionnaire i ncluding a  hi gh r ate of  
non-response to several questions, lack of experience by the manipulation cohort with Activator 
and vi ce ve rsa w ith t he A ctivator c ohort. D espite t hese cha llenges, an overview of  t he 
questionnaire responses and their respective Chi Square values are listed in Table 14 below: 
Table 14: Analysis of expectations at baseline. Some groups of questions do n ot add up to 100% due to 
non-response. 
Expectations Variable Activator Manipulation p-value (Chi-
square) 
    
Had previous chiro care? (yes) 69% 84% .09 
Type of chiro received in past:   .002** 
                         Activator 13% 0%  
                         Manual manip 26% 62%  
                         Both 28% 21%  
Past experience: Activator   .25 
       Not helpful to somewhat helpful 11% 3%  
         Helpful to extremely helpful 35% 28%  
Past experience: Manual Manip   <.001** 
       Not helpful to somewhat helpful 24% 5%  
         Helpful to extremely helpful 35% 80%  
One month expectation   .66 
        Much worse to a little better 8% 6%  
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 Moderately better to completely better 91% 94%  
Do you expect to hear a “pop”?   .008** 
                                                   Yes 8% 19%  
                                                    No 62% 37%  
                                             Not sure 23% 44%  
How do you feel about hearing a 
“pop”? 
  .009** 
                                                 Good 26% 54%  
                                             Not Good 11% 3%  
                                             Not sure 61% 36%  
Expectations about Activator   .18 
 Not helpful at all to probably will help 11% 3%  
  Will help a little to will help greatly 35% 28%  
Expectations Re: Manual Manip   <.001** 
Not helpful at all to probably will help 24% 5%  
 Will help a little to will help greatly 35% 80%  
 
 
The majority of patients in each cohort had previous experience with chiropractic care, with the 
manual m anipulation c ohort r eporting s ignificantly m ore pr evious e xperience w ith m anual 
manipulation ( 62%) t han t he A ctivator c ohort reported w ith pr evious Activator ex perience 
(13%). H owever, t hese da ta are confounded b y the l arge num ber of  patients w ho di d not  
complete this question. 
 
 71 
There w as no s ignificant di fference be tween groups r egarding p ast A ctivator e xperience, 
however there was a s ignificant difference regarding past manipulation experience with 80% of 
manipulation pa tients r eporting good pr evious r esults a nd onl y 5%  r eporting poor  p revious 
results with manipulation, compared to 35% of Activator patients reporting good previous results 
and 24% reporting poor previous results with manipulation. 
 
When asked about their general expectations regarding how they would be feeling in one month, 
the majority of patients in both cohorts reported that they expected good to excellent results with 
treatment. There w as no s ignificant di fference between t he t wo groups on ove rall t reatment 
expectancy. However, there w as a s ignificant difference w ith respect t o expectations about  
manual manipulation with 80% of manipulation patients reporting they expect good results with 
manipulation c ompared t o onl y 35%  of  A ctivator pa tients r eporting good e xpectations a bout 
manual manipulation. However, 41% of Activator patients did not complete this question. 35% 
of A ctivator pa tients a nd 28%  of  m anipulation patients r eported a  pos itive expectation a bout 
Activator treatment, with 54% of Activator and 69% of manipulation patients not completing this 
question.  These differences on Activator expectations were not statistically significant. 
 
There w ere also significant di fferences be tween the groups about t he expectation of  h earing a 
“pop” during t he t reatment. 19% of  t he m anipulation pa tients and 8%  of A ctivator pa tients 
expected to hear a “pop”. 64% of the Activator patients did not expect to hear a pop, compared 
with onl y 37%  of  t he m anipulation patients. However, a  l arge num ber of  t he m anipulation 
patients did not  answer this question which may confound these r esults. 54% of  manipulation 
patients reported that they “felt good” about hearing a pop and 39% were “not sure” or “did not 
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feel g ood”, w hereas onl y 26% of  A ctivator pa tients f elt g ood a bout he aring a pop a nd 72%  
reported “not s ure” or  “did not  f eel good”. T he C hi S quare t est s howed all of  t he a bove 
differences to be significant. 
4.3.2 Analysis of usage of physical agents/modalities 
Due t o the tr eatment-as-usual design of thi s s tudy, the  p articipating chiropractors w ere told to 
treat the research subjects in the same manner as they normally would treat any other low back 
pain patient in their private clinics. Chiropractic management of low back pain often includes the 
use of  a djunctive ph ysical a gents, pos ture e ducation, a nd hom e e xercises. S ince w e di d no t 
perform a randomized trial with rigorous control on t he use of these adjunctive procedures, the 
usage of these procedures was recorded and analyzed in the chart below. Percentages of use for 
each procedure within each cohort a re l isted in Table 15  below, a long with their respective p-
values determined by Chi Square analysis. 
Table 15: Group comparisons of physical agents/modalities usage 
Type of Modality Activator Manipulation p-value (Chi-square) 
    
Electrical 
stimulation 
96% 74%     .002** 
Ultrasound 2% 5% .38 
Laser 9% 0%    .05** 
Lumbar belt 0% 0% n/a 
Roller table 
(intersegmental mobs) 
74% 0% <.001** 
Myofascial release 0% 3% .24 
Posture education 54% 31%    .03** 
Home exercises 60% 56% .70 
Heat/Ice 0% 8%     .038** 
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The A ctivator c ohort ha d a  s ignificantly hi gher pe rcentage of  us age of  most ph ysical a gents, 
posture education, and home exercises, with the exception of heat/ice application which showed 
a significantly higher percentage of usage by the manual manipulation cohort. 
4.3.3 Analysis of Clinical Patterns of Care 
The Activator Methods clinic and manual manipulation clinics appeared to have some significant 
differences in their respective clinical patterns of care, and these data are analyzed and presented 
in Table 16 below: 
Table 16: Group comparisons of clinical patterns of chiropractic care 
Clinical Variable Activator Manipulation p-value (Chi-
square) 
Study terminated at:   <.001 
                                 8 visits 70% 15%  
                        4 weeks 17% 23%  
                              < 4 weeks     13% 62%  
Continued with care after 
study? (yes) 
78% 18% <.001 
Diagnostic studies ordered 
during study 
  <.001 
                                                      
None 
41% 100%  
                                                      
Lumbar x-rays 
54% 0%  
                                                      
Lumbar MRI 
5% 0%  
Number of visits at 4 weeks    
     (Mean / standard deviation) 9.2 (2.7) 4.5 (2.3) <.001 (t-test) 
Location of Symptoms   .07 
                                LBP only 50% 74%  
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                        LBP and buttock 28% 16%  
               LBP, buttock, and thigh 22% 10%  
Onset of LBP    .016 
                              ≤ 14 days 52% 81%  
                    15 days to 12 weeks 48% 19%  
Antalgic Lean Present?   .01 
                                                  
None 
94% 74%  
                                                  
Flexion 
0% 18%  
                                                  
Lateral list 
6% 8%  
Limitation of Lumbar 
Flexion 
  <.001 
                                                  
None 
2% 31%  
                                                  
Mild (> 41º) 
48% 45%  
                                     
Moderate (20º - 40º) 
41% 21%  
                                     
Severe (< 20º) 
9% 3%  
There was a significant difference between the two cohorts with respect to the number of patients 
in each group that required the maximum number of treatment sessions (eight visits), 70% in the 
Activator group compared to only 15% in the manual manipulation group. 78% of the Activator 
patients continued with additional chiropractic care after study termination whereas only 18% in 
the manual manipulation groups received additional chiropractic treatment. A t-test of the mean 
number of visits at four weeks showed a significant difference between the two cohorts, with the 
Activator group h aving a m ean of  9.2  vi sits w hich w as a bout t wice a s hi gh a s t he m anual 
manipulation group mean of 4.5 visits.  
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The manual manipulation cohort had a significantly higher number of acute patients (onset < 14 
days) w ith more pa tients di splaying a  f lexion antalgic le an. The A ctivator pa tients w ere mor e 
likely to receive lumbar x-rays (54%) or MRI (5%) since none (0%) of the manual manipulation 
patients r eceived any o f these di agnostic t ests dur ing t he c ourse of  t his s tudy. T here w as no 
significant difference in the location of symptoms between these two cohorts. 
4.4 SPECIFIC AIM 4: EXPLORE FEAR AVOIDANCE BELIEFS 
4.4.1 Analysis of Fear Avoidance Beliefs Questionnaire 
The chi ef h ypothesis of  this s pecific ai m w as w hether a di fference i n Fear A voidance Beliefs 
Questionnaire (FABQ) scores would be found between the Activator and manipulation cohorts at 
baseline and four-weeks. The FABQ is divided into two subscales; the physical activities (PA) 
and work subscales. For the purpose of this cohort study, only the PA subscale of the FABQ was 
used, be cause none  of  t he r esearch s ubjects ha d a ny w ork r elated i njury. T he P A s ubscale 
consists of four questions that are each graded from 0-6, with higher scores indicating more self-
perceived limitation of ph ysical activities due  to back pain. The ma ximum s core on t he P A 
subscale is 4 x 6 = 24 points.  
 
The a nalysis of  t his hypothesis involved t wo s imple t -tests f or di fferences i n the m eans at 
baseline and at four-weeks. The output of the t-test for mean differences at baseline is listed in 
Table 17  below. T here was no s ignificant di fference b etween t he A ctivator a nd m anipulation 
group FABQ means at baseline, with or without the assumption of equal variances. 
 76 
 
Table 17: T-test of baseline FABQ scores, with and without the assumption of equal variances 
 
 
A second t-test was performed comparing the four-week FABQ scores between the two groups, 
and again no statistically significant di fference between t he m ean values w as obs erved. The 
output for this t-test is listed in Table 18 below: 
 
Table 18: T-test of four-week FABQ scores with and without the assumption of equal variances 
 
 
It is  int eresting to not e t hat t he f our-week m ean F ABQ s cores i n bo th t he A ctivator and 
manipulation groups had dropped by approximately 25% from the baseline scores. However, the 
difference be tween t he t wo group m eans w as not  s tatistically significant ba sed upon  t he 
previously noted t -tests. The conclusion was that FABQ scores were not  s ignificantly di fferent 
between the Activator and manipulation cohorts at either baseline or four-weeks. Figure 5 below 
shows the mean FABQ scores for both cohorts at baseline and four weeks. 
Independent Samples Test
.336 .564 -.508 90 .613 -.58285 1.14689 -2.86134 1.69565
-.496 72.316 .622 -.58285 1.17602 -2.92703 1.76134
Equal variances
assumed
Equal variances
not assumed
fabqpa
F Sig.
Levene's Test for
Equality of Variances
t df Sig. (2-tailed)
Mean
Difference
Std. Error
Difference Lower Upper
95% Confidence
Interval of the
Difference
t-test for Equality of Means
Independent Samples Test
.039 .844 .393 90 .696 .53119 1.35301 -2.15679 3.21917
.389 76.759 .699 .53119 1.36722 -2.19142 3.25380
Equal variances
assumed
Equal variances
not assumed
fabqpa
F Sig.
Levene's Test for
Equality of Variances
t df Sig. (2-tailed)
Mean
Difference
Std. Error
Difference Lower Upper
95% Confidence
Interval of the
Difference
t-test for Equality of Means
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Figure 5: Mean values of baseline and four-week physical activities (PA) Fear Avoidance Beliefs     
Questionnaire (FABQ) scores by cohort. Note that both cohorts had a drop in their mean scores from  
about 15 to 11 points over four-weeks. The maximum score for the FABQ - PA subscale is 24 points. 
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5.0  DISCUSSION 
5.1 LEG LENGTH RELIABILITY STUDY 
The clinical observation of  leg length inequality has been a routine part of  the physical 
examination procedure for assessing symmetry of the pelvis and spine. However, the use of the 
prone leg length analysis is a central component of the Activator Methods protocol, as it is the 
main determinant of where the chiropractor practicing this method will apply a mechanical force 
to the patient’s spine. 
 
The data analysis did not show any correlation between the side of the observed short leg and the 
side of pain as reported by the patient.  T he clinical relevance of this finding is not completely 
surprising, since clinicians practicing the Activator Methods protocol have empirically noted that 
the symptomatic side of back pain does not seem to directly correlate with the side of short leg. 
They argue that the observation of leg length inequality is merely a screening test that indicates 
potential spinal dysfunction.  However, the data from this study showed 100% prevalence of leg 
length inequality in all 45 participants regardless of whether they were symptomatic or not which 
raises the question of clinical relevancy for the observation of leg length inequality. 
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Two c linicians appear t o be  able t o reliably d etermine t he s ide of  s hort l eg, a s not ed b y the 
Kappa value of .65 that indicated a reasonable level of reliability.  Although the side of short leg 
does not seem to correlate directly with the side of low back pain, there may be other forms of 
clinical application to this knowledge of leg length inequality. 
 
Determining th e ma gnitude of  le g le ngth inequality b y “ eyeballing” th e a mount of  di fference 
does not appear to be very reliable according to our data analysis, with a small Kappa value of 
.28 for this reliability test. The goal standard procedure for determining the precise amount of leg 
length inequality is a standing plain film x-ray with the central ray directed parallel with the top 
of the femur heads. It is possible that other examination procedures such as measuring leg length 
inequality with a tape measure might be more reliable than the simplistic “eye-balling” method 
used in our study. 
 
The c hiropractic va riation of  t he pr one l eg l ength a nalysis us ing he ad rotation (Derifield test) 
appears to be completely unreliable based upon our data analysis.  The Kappa values for head 
rotation r ight a nd l eft w ere .04 a nd -.19 r espectively, w hich i s e ssentially chance obs ervation.  
This head rotation procedure is still quite commonly utilized within the chiropractic profession 
as a screening test for cervical versus lumbo-pelvic spinal dysfunction as related to observed leg 
length inequality. 
 
A surprising result of our data analysis indicated that flexing the knees almost always results in 
the observation of a short leg getting longer, and that in no case did our two clinicians agree on 
the observation of  a  short-leg ge tting shorter or  staying the  same length.  D ue to this extreme 
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prevalence bias of one exclusive finding, it was not possible to calculate a Kappa value for this 
reliability te st. The A ctivator c linicians h ave empirically not ed that thi s is  the  mos t c ommon 
observation found when performing knee flexion, and stated that it was extremely rare to see the 
short-leg get shorter during this procedure. The clinical relevance of this finding is unknown. 
 
The results of this leg length reliability study were summarized and published as an article in the 
Journal of  Manipulative and Physiological Therapeutics ( JMPT) in t he Fall of  2007  (64). The  
full text article gives a more detailed discussion of the issues regarding the clinical relevancy of 
these findings. 
5.2 SPRINGING PALPATION RELIABILITY STUDY 
This study was performed to explore the reliability of springing palpation used over the 
lumbar f acet and sacroiliac j oints as  a s creening physical ex amination procedure for l ow back 
pain a nd j oint d ysfunction.  M any v ariations of s pringing pa lpation are us ed w ithin t he 
chiropractic and physical therapy professions to determine areas of spinal joint dysfunction and 
pain.  T he clinicians in the manual manipulation cohort utilize springing palpation routinely in 
their practices, making the study feasible. 
 
As a general rule, our results showed that the pain provocation tests were more reliable (κ range, 
.21 to .73) than the segmental mobility tests (κ range, −.17 to .17) with  regard to the unadjusted κ 
values. There was little change in the pain provocation values when comparing the unadjusted κ 
values (κ range, .21 to .73) with the adjusted values (PABAK range, .34 to .74). The prone 
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instability test showed moderate reliability with both unadjusted (κ range, .46 to .54) and 
adjusted κ values (PABAK range, .58 to .58). The sacroiliac joint (SIJ) data analysis was overall 
more reliable than the lumbar facet joint reliability data analysis. 
 
One interesting observation is the large increase in the reliability for the SIJ data with respect to 
both pain and mobility testing when using the adjusted κ value. The unadjusted κ range for pain 
provocation over the SIJ is .14 to .33, which is considered poor to fair reliability. However, when 
adjusted for prevalence and bias, the PABAK value for SIJ pain provocation rises substantially 
to a range of .54 t o .56, which is considered good reliability. The SIJ mobility testing data are 
even more affected by κ adjustment; unadjusted κ values range from −.10 to −.11 and rise to a 
PABAK range of .77 to .82. 
 
This s pringing p alpation da ta a nalysis s erves a s a good example of  t he well know n i ssue t hat 
Kappa va lues ar e ve ry s ensitive t o influence b y t he pr evalence of  t he c linical at tribute be ing 
tested. This is due to the fact that if a particular observation only occurs rarely, it can violate the 
basic “chance agreement” assumption of the κ statistic. In our data, it is apparent that there is a 
much hi gher pr oportion of a greed-upon ne gative e xamination f indings ( normal m obility or  no  
pain pr ovoked), c ompared w ith t he pr oportion o f a greed-upon pos itive f indings ( restriction or  
pain provocation). The d isproportionately high number of  negative examination f indings raises 
the “chance” of a negative finding, which confounds the κ calculations. When the κ and 
corresponding PABAK coefficients are widely different in magnitude, it indicates the possibility 
of an underlying confounding situation with disproportionate prevalence findings. 
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Another i ssue c onfounding t he K appa c alculations w as t he e xtreme num ber of  ne gative e xam 
findings at most lumbar facet levels, and the sheer number of levels to analyze. With 39 patients, 
no meaningful statistical analysis could be performed that would involve 15 possible data points: 
10 f acet j oint l evels ( 5 on e ach s ide f or e ach p atient) a nd five spinous pr ocess l evels. If w e 
analyzed all 15 of  these possible combinations of reliability, it would have produced a 15 ×  15 
contingency t able t hat w ould contain so many empty cel ls as  t o render any s tatistical an alysis 
completely meaningless. Therefore, although the data were col lected at each lumbar facet joint 
bilaterally and ove r e ach s pinous pr ocess, t his da ta w as c ollapsed i nto two dichotomous 
categories: “upper” and “lower” lumbar.  
 
It is also important to note that spinal palpation for mobility is often confounded by some sort of 
nonverbal or verbal communication by patients. It i s very difficult to separate the “subjective” 
pain pr ovocation c omponent of  springing pa lpation f rom t he “ objective” pa lpatory s ensation 
reported b y the c linicians. Our s tudy design ve ry carefully s eparated the pain provocation and 
segmental mobi lity tests by giving explicit ins tructions to the research subjects not  to verbally 
communicate during the segmental mobility portion of the test. 
 
The r esults of  t his s pringing pa lpation r eliability s tudy w ere s ummarized a nd publ ished a s a n 
article in the Journal of Manipulative and Physiological Therapeutics (JMPT) in the Summer of 
2008 (65). The f ull te xt a rticle g ives a  mor e de tailed discussion of the  is sues r egarding the  
clinical relevancy of these findings. 
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5.3 COHORT STUDY 
The m ain f ocus of  t his cohort s tudy w as t o e xplore t he di fferences i n t reatment e ffect 
between mechanical ( Activator) a nd manual ma nipulation methods in patients w ith acute a nd 
sub-acute back pain. The differences between numeric pain and Oswestry scores from baseline to 
four-weeks served as the primary and secondary outcome measures. In addition to exploring the 
treatment effect of these methods, this study was also designed to capture data regarding baseline 
socio-demographic cha racteristics, fear avoidance be liefs, expectations, and clinical pa tterns of  
care in the respective patient populations of the two cohorts. 
 
The primary outcome measure of pain scores and the analysis between the differences in baseline 
and four-week scores showed a larger drop in pain scores in the manual manipulation cohort, but 
this di fference di d not  reach statistical s ignificance w hen controlling f or ba seline pa in. It is  
interesting to note that the 95% confidence interval for this drop in pain score ranged from .068 
to -1.68, w hich s hows a  t rend t oward more r eduction of  pain i n t he manipulation c ohort. T he 
lower bound of  this confidence interval is a pain reduction of 1.68 points, which compares well 
to the minimal detectable change of 2 points and standard deviation of 1.02 points reported in the 
pain score literature (53). The small sample size and lack of control over treatment protocol may 
have been important factors in the width of the confidence interval calculated from these data. 
 
 The secondary outcome measure of  Oswestry (ODI) scores and the di fferences between four-
week and baseline also showed that the manipulation group had lower Oswestry scores at four 
weeks compared t o t he A ctivator group, but  that t his di fference w as also not s tatistically 
significant. In the cas e o f Oswestry s cores, t he 95% conf idence i nterval i s ve ry w ide, r anging 
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from -6.9 poi nts t o 4.0 points. T his w ide c onfidence i nterval m akes i nterpretation of  t he da ta 
very di fficult a nd imprecise, considering that th e mini mal c linically important di fference f or 
Oswestry scores is 6 points as reported in the literature (66). 
 
These Oswestry results suggested the possibility of a Type II error due to the small sample size 
of this pilot study. Therefore a post hoc power analysis was therefore performed on the Oswestry 
difference scores, using the means, standard deviations, and sample sizes of the two cohorts. The 
estimated pow er ba sed upon t he O DI data analysis was onl y 24% , w hich confirms the strong 
likelihood of a Type II error in this observational study. 
 
The a priori power analysis performed at the onset of this study was based upon the effect sizes 
and minimal c linically i mportant di fferences f or N PRS ( 2 points, standard de viation =  1)  a nd 
ODI (8 points, standard deviation = 14) values reported in previous low back pain manipulation 
trials (53, 66) . There was no realistic way to ascertain what magnitude of treatment effect s ize 
would be found in this observational study, since this is a new area of clinical research. In fact, 
one of the ancillary goals of this study was to obtain preliminary pilot data on treatment effect 
size between manual and mechanical types of manipulation. 
 
Post hoc power analysis using the NPRS effect size and s tandard deviations obtained from the 
data in this cohort study (MCD of 1 point; standard deviation of 1.8 points) with alpha of .05 and 
beta of .80 gives a projected sample size of 51 per group. A similar power analysis using the ODI 
data from this study (MCD of 6 points; standard deviation of 14) gives a projected sample size of 
86 per group. 
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One might argue that if the study was underpowered from the onset, why bother moving forward 
with the study at all? This is the challenge with most exploratory observational studies in which 
the true treatment effect size is literally unknown. It was not possible to know a priori what level 
of ef fect size w ould be  f ound w ith r espect t o Activator vs . m anual m anipulation t reatments 
because t his t ype of  r esearch a nd d ata ha d not  be en pr eviously r eported i n t he l iterature. 
Therefore the a priori power analysis was based upon the MCIDs as reported in the previous low 
back pain literature as the best reasonable estimate of effect size. 
5.4 FEAR AVOIDANCE BELIEFS QUESTIONNAIRE 
One hypothesis was that there might be a difference in the Fear Avoidance Beliefs Questionnaire 
(FABQ) scores at baseline between the Activator and manual manipulation patient populations. 
A t -test of  t he b aseline F ABQ s cores di d not reveal an y s ignificant d ifferences b y t he t wo 
cohorts. H owever, t he a verage F ABQ s cores i n bot h t he A ctivator and m anual m anipulation 
groups ha d dr opped b y about 25% a t f our-weeks, f rom a bout 15  poi nts a t ba seline t o 
approximately 11 poi nts at four-weeks (maximum score=24 points). A subsequent t -test of the  
four-week FABQ scores did not reveal any significant difference between the two groups. 
 
There i s a w ealth of i nformation i n t he l ow ba ck pa in l iterature r egarding t he i ssue of  f ear 
avoidance be liefs. W addell w as r esponsible f or t he de velopment of  t he F ABQ a nd he  (56) 
demonstrated t hat, a fter controlling for p ain i ntensity and pa in l ocation, f ear-avoidance be liefs 
about work explained a significant amount of variance in disability (23%) and work loss (26%). 
More r ecently, George et al  (67) showed t hat t he r esultant di sability from l ow ba ck pa in at 4 
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weeks and  6 months af ter t reatment was de pendent on an interaction between the t ype of  
physical therapy treatment received and the initial level of fear avoidance beliefs. The nature of 
the int eraction suggests tha t pa tients with elevated fear-avoidance be liefs be nefit f rom f ear-
avoidance–based physical t herapy, whereas pa tients w ith lower f ear-avoidance be liefs do not  
benefit from  fear-avoidance–based ph ysical t herapy. A t 4 w eeks a nd 6 months, a  s ignificant 
decrease in fear-avoidance beliefs about physical activity was observed in patients receiving the 
fear-avoidance–based physical therapy. 
 
It is presently unknown if a similar interaction exists between the type of manipulative treatment 
received and the level of fear-avoidance-beliefs. This cohort study showed that these two patient 
populations di d not  di ffer s ignificantly at ba seline or f our-weeks with respect to their ove rall 
FABQ s cores, but  w e di d not  t est t he h ypothesis t hat a  s ubset of  pa tients w ith e levated f ear-
avoidance-beliefs at baseline might have a differential treatment effect with manual manipulation 
vs. A ctivator t ype t reatment. Also, F ABQ s cores dr opped s ubstantially i n both c ohorts, t he 
meaning of which remains unclear. These issues could be explored in a future randomized trial 
by examining the FABQ scores with treatment response after randomization. 
5.5 CLINICAL PATTERNS OF CARE 
The da ta ana lysis of  cl inical pa tterns of  care showed many s ignificant di fferences be tween the 
Activator a nd m anual m anipulation g roups w ith r espect t o t he us e o f ph ysical agents. T he 
Activator c linic h ad significantly higher ut ilization of e lectrical mus cle s timulation, laser, 
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postural a dvice, and m echanical i nter-segmental mobi lization table ( “roller-massage” t able) 
compared to the manual manipulation clinics.  
 
Although electrical stimulation has not been shown to have an independent treatment effect, the 
literature is  s tarting to show s ome preliminary e vidence for the  e ffectiveness of  la ser t herapy. 
The tr eatment e ffect ma nipulation plus the  a ddition of pos tural a dvice a nd ten m inutes of  
intersegmental mobi lization on a mechanized roller t able i s unknown. These di fferences in the 
utilization rates of these physical agents and postural advice may be potential confounders to the 
main effect of type of manipulation.  
 
There w ere al so significant di fferences i n the cl inical pa rameters of  car e, with respect t o 
frequency a nd dur ation of  t reatment, x -ray ut ilization, and clinical pr esentation of the  pa tient 
populations. Seventy p ercent of the  p atients r eceiving A ctivator tr eatment te rminated the 
research s tudy because they had r eceived t he maximum of  ei ght t reatment s essions, w ith a n 
average of 9.2 treatment sessions at four-weeks. This is contrasted with only 13% of the manual 
manipulation patients reaching the maximum of eight treatment sessions during the study, with 
an average of 4.5 treatment sessions at four-weeks.  
 
X-ray ut ilization rates w ere s ignificantly hi gher in the A ctivator c linic, with 54% of  pa tients 
receiving l umbar x -rays dur ing t he f our-weeks of t he r esearch study. Neither of  t he m anual 
manipulation clinics reported any patient (0%) receiving lumbar x-rays during the study period. 
This contrast i n x -ray ut ilization rates may b e somewhat a ttributable to differences in practice 
management or philosophy, as some chiropractic techniques are more likely to require x-rays for 
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analysis of vertebral misalignment or dysfunction. Another practical difference was the fact that 
the A ctivator cl inic ha d an x-ray m achine on premises, a nd i t w as e asier f or t he A ctivator 
clinicians to simply take an x-ray i f they thought such films were clinically warranted. Neither 
manual manipulation clinic had an x-ray machine on site, therefore those clinicians had to refer 
their pa tients t o a n out -patient x -ray f acility t o get l umbar r adiographs i f w arranted. This 
additional step of referring to an outside facility may have lead to a decrease in x-ray utilization 
by those c linicians. However it is  s till in teresting to note tha t no manual manipulation patient 
received a lumbar x-ray during the course of this study. 
 
The m anual m anipulation pa tient popul ation also di ffered from the A ctivator popul ation with 
respect to clinical presentation at baseline. Eighty-one percent of the manipulation patients had 
an onset o f pa in ≤ 14 days with 18% exhibiting a flexion antalgic posture, as contrasted with 
52% of  A ctivator p atients pr esenting w ith t he s ame l evel of  a cute ons et and 0%  w ith f lexion 
antalgia reported on the initial examination. However, there was more reported “moderate” and 
“severe” l imitation of  f lexion r ange of  m otion i n t he Activator pa tients t han t he m anual 
manipulation patients. These data were derived from the medical records only, and therefore may 
be subject to recall and/or reporting bias. However, a potential confounding situation arises when 
the population of patients in one cohort differs significantly with respect to duration of symptoms 
and the presence of antalgic lean, which is considered to be potentially indicative of more severe 
underlying facet or disc dysfunction. 
 
To summarize the analysis of  cl inical patterns of  care, the Activator patients received twice as 
many tr eatment s essions a s the  ma nual ma nipulation patients w ith significantly greater 
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utilization of  ph ysical agents and pos tural a dvice. T he i ncreased num ber of  of fice vi sits a nd 
physical agents may have contributed to the overall treatment effect within the Activator cohort, 
but this cannot be ascertained from the present data. Also, there is the possibility of attention bias 
due to the increased amount of inter-personal interaction time within the Activator clinic relative 
to the manipulation clinics. 
5.6 FINAL CONCLUSIONS 
5.6.1 Reliability studies 
The r eliability s tudies r esulted in some int eresting f indings. Visual obs ervation of le g le ngth 
inequality in the prone position seems to be a reliable procedure, but not the quantification of the 
magnitude of  the difference in length. Rotation of  the head while observing for changes in leg 
length i s a n unr eliable pr ocedure, w hile f lexing t he kne es a nd obs erving s uch c hanges i s 
indeterminate. The springing palpation findings were basically the same as reported in previous 
studies; i.e. that the reliability of palpation for segmental mobility is poor, while better for pain 
provocation. 
 
Another i mportant s ide-benefit of  t hese r eliability s tudies w as t he e xperience ga ined by 
designing and i mplementing t hem. T he pr ocess o f w riting i nformed c onsent doc uments a nd 
clearing t he r esearch methodology t hrough t he Institutional R eview B oard ( IRB) a t t he 
University of Pittsburgh was an educational experience. The practical aspects of  implementing 
the s tudies w as also educational, such as t he n eed for providing training s essions with the 
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clinicians to make s ure the y w ere c onsistent w ith their e xamination methods a nd writing a  
procedural manual with definitions and detailed descriptions of all the examination techniques. 
 
Lastly, experiencing first-hand the complications of computing Kappa statistics when there is a 
low pr evalence o f ne gative f indings w as a lso an e ducational a nd i nstructive pr ocess. T hese 
complications lead to further reading and subsequent understanding of the nuances of prevalence 
bias in reliability studies, and the important differences in using dichotomous versus continuous 
variables in reliability studies. 
5.6.2 Cohort study 
There are several important observations and conclusions to be made regarding the results of this 
observational c ohort s tudy, w hich ut ilized a  t reatment-as-usual de sign. M any s ignificant 
differences w ere found between t he p atient popul ations i n t he t wo c ohorts, e specially w ith 
respect t o their respective t reatment f requency, treatment ex pectations, clinical pr esentation at 
baseline, and utilization rate of  ph ysical a gents. Any o r al l of  t hese d ifferences m ay have 
contributed to the ma in tr eatment e ffects, a nd it is  not  pos sible to determine if  s ignificant 
confounding occurred as a result of these differences. 
 
In addition to these obvious differences between the two groups, the other major l imitations of 
this study were the relatively small sample size and the observational nature of the study design. 
Sample size and study design were mostly constrained by the lack of external funding to recruit a 
larger num ber of  r esearch participants and to e mploy a  r esearch c oordinator t hat w ould be  
integral part of coordinating a randomized clinical trial. 
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The multiple and significant differences in clinical patterns of care are an intrinsic challenge with 
any observational r esearch design, w hich permits t reatment-as-usual b y different c linicians. 
Since the participants in this cohort study were observed over the course of their care in private 
chiropractic c linics, it would not have be en considered ethical to constrain the c linicians b y 
imposing experimental conditions on them, and their patients. 
 
Despite the se limita tions, this c ohort s tudy p rovided valuable i nformation r egarding s ome 
important di fferences b etween the characteristics of  c linics pr oviding Activator a nd manual 
manipulation methods of treatment. These results are important for consideration in designing a 
future randomized trial which can eliminate many of these potential confounders by imposing a 
more rigid treatment protocol that would include: 
• A defined number of treatment sessions. 
• The same utilization rate for physical agents, exercises, and posture education. 
• Minimization of attention bias between groups. 
• Randomization of patients into groups vs. self-selection. 
 
This study highlighted the important challenges that are inherent within an observational cohort 
design, with the intrinsic issue of lack of control over treatment parameters between cohorts and 
other s ignificant di fferences be tween t he p atient popul ations i n e ach c ohort. T hese i ssues a re 
mostly resolved with the use of a randomized controlled trial design, and were an instructional 
experience in understanding the powerful nature of the experimental design vs. the observational 
treatment-as-usual design. 
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5.6.3 Expectations and Clinical Patterns of Care 
This study confirmed previous reports that patient expectations are a strong predictor of clinical 
outcome. It was interesting to note that there was no general difference in treatment expectation 
between t he t wo coho rts i n this s tudy. However, t he d ata di d show r ather l arge di fferences i n 
expectations a bout t he e ffectiveness of  m anual m anipulation a nd A ctivator a nd be liefs a bout 
hearing a “pop”, in the respective cohorts. These data will be important to consider in a future 
RCT tha t w ill r andomize pa tients to Activator vs . manual ma nipulation, taking b eliefs a nd 
expectations a t ba seline i nto c onsideration a s pr edictor va riables of  t he outcome af ter 
randomization. M ore s pecifically, t here w ill be  a na tural 2 x  2 de sign t o t his i ssue w ith t wo 
cohorts of  A ctivator vs . m anual m anipulation a nd t wo “ expectation g roups” w ith one  g roup 
having high expectation  for Activator (low expectation for manipulation) and the other group 
having high expectation for manipulation (low expectation for Activator).  
 
Randomization will therefore create four groups: 
1. High expectation for manipulation – randomized to manipulation 
2. Low expectation for manipulation – randomized to manipulation 
3. High expectation for Activator – randomized to Activator 
4. Low expectation for Activator – randomized to Activator 
 
This design will allow for s tatistical evaluation of any main effect of  treatment expectation on 
the outcomes of pain and Oswestry scores. The observational nature of this cohort study did not 
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allow for this type of analysis, because all the research subjects had self-selected their respective 
type of treatment. 
 
It w as i nteresting t o observe a dr amatic di fference i n the clinical pa tterns of  ca re b etween the 
Activator clinic and the two manipulation clinics involved with this cohort study. The Activator 
patients were seen for twice as many visits as the manual manipulation patients, and were more 
likely to continue with their chiropractic care after the four-week termination of the study. Both 
groups had reductions of pain and Oswestry scores that were not statistically different, but there 
was no c ontrol g roup with w hich t o c ompare f or a  m easure of  n atural hi story without a ny 
treatment. However, from a pa tient-centered and cost-effectiveness pe rspective i t w ould seem 
that to achieve the  s ame c linical out come, Activator tr eatment is  mor e c ostly a nd time 
consuming. 
 
The r esults of  t his s mall a nd unde rpowered cohort s tudy s hould be  i nterpreted w ith c aution, 
however, and may not be generalizable to the larger population of all chiropractic patients treated 
with t hese t wo m ethods. T he obs ervational na ture of  t his s tudy di d not  a llow f or a ny 
experimental control over the t reatment f requency and du ration, and the differences in c linical 
patterns of care reported in this study may be due to differences in practice management styles 
rather t han the i ntrinsic ef ficacy o f t he t reatment pr ocedures t hemselves. This pa rticular 
Activator of fice had a pattern of seeing patients three t imes a week for the f irst four weeks of  
treatment, whereas the  t wo manipulation offices pa rticipating in  thi s s tudy did not  ha ve t his 
policy. Some of  t he di fference i n clinical pa tterns of  car e m ay r elate to the c linicians’ be lief 
system in the treatments they provide, and this may need to be explored in future studies. 
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5.6.4 Fear Avoidance Beliefs 
The da ta ana lysis s howed no significant di fference i n Fear A voidance Beliefs Q uestionnaire 
(FABQ) scores between the two cohorts at baseline or  four-weeks. Yet both cohorts showed a 
reduction their r espective F ABQ s cores ( with-in g roup) f rom ba seline t o f our w eeks. T his 
observation is ve ry i nteresting, because i t s uggests t hat FABQ s cores ar e not  a s tatic 
phenomenon a nd a re s ubject t o f luctuation ov er t ime. This s uggests that the re ma y be  a  
correlation between successful clinical outcome and reduction of FABQ score, regardless of the 
specific type of treatment provided. This is an area worthy of future investigation in future RCTs 
involving different types of manipulation for the treatment of LBP. 
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APPENDIX A 
LEG LENGTH ANALYSIS FORM 
Date ______________________  Recorded by ___________________ 
Patient Number __________   Doctor ________________________  
Side of Pain:  Rt    Lt   Both   Central     
 
1. Prone Leg Length – Knees Extended   (Position #1) 
Short Leg Present?  +1            0                 
Short Leg Side                       Lt            Rt          None 
Amount of difference            ≤ ¼”        ½”          ¾”       ≥ 1”  
 
(For differences ≤ ¼”, perform again with head rotation to right and left) 
        Head Lt.    Head Rt. 
Does short leg change?         +1     0     -1               +1     0     -1 
 
2. Prone Leg Length – Knees Flexed  (Position #2)  
Does short leg change?         +1     0     -1                
Key:    +1 = “yes” or “short leg gets longer” 
   0  = “no” or “no change is observed” 
  -1  = “short leg gets shorter” 
 96 
APPENDIX B 
SPINAL PALPATION DATA FORM 
Date ______________________  Recorded by ___________________ 
 
Patient Number _____________                           Doctor ________________________ 
 
 
Side of Pain:    Rt   Lt   Both  Central         Key:    +1 = HYPER mobility     -1 = HYPO mobility 
                  Y = Pain produced        0 = No mobility dysfunction       N = No pain produced 
                     
Palpation Step 1 (Patient prone on table)                 
 
      Mobility Tests    Pain Provocation Tests 
 
     Left        Spinous    Right   Left      Spinous Right 
SIJ       +1   0  -1            ----             +1   0  -1               Y   N          ---  Y   N 
 
L5-S1  +1   0  -1        +1   0  -1        +1   0  -1 Y   N        Y   N Y   N 
 
L4-5    +1   0  -1        +1   0  -1        +1   0  -1  Y   N        Y   N Y   N 
 
L3-4    +1   0  -1        +1   0  -1        +1   0  -1  Y   N        Y   N Y   N 
 
L2-3    +1   0  -1        +1   0  -1        +1   0  -1  Y   N        Y   N Y   N 
 
L1-2    +1   0  -1        +1   0  -1        +1   0  -1  Y   N        Y   N Y   N 
 
 
Palpation Step 2 (Patient at edge of table, feet on floor, measure table height) 
 
   Pain Provocation Tests 
 
       Left  Spinous               Right 
 
L5-S1    Y   N    Y   N  Y   N 
 
L4-5      Y   N    Y   N  Y   N 
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L3-4      Y   N    Y   N  Y   N 
 
L2-3      Y   N    Y   N  Y   N 
 
L1-2      Y   N    Y   N  Y   N 
 
 
 
 
 
Palpation Step 3 (Patient at edge of table, feet elevated from floor, give a rest between joint and spinous tests) 
 
 
   Pain Provocation Tests 
 
       Left  Spinous               Right 
 
L5-S1    Y   N    Y   N  Y   N 
 
L4-5      Y   N    Y   N  Y   N 
 
L3-4      Y   N    Y   N  Y   N 
 
L2-3      Y   N    Y   N  Y   N 
 
L1-2      Y   N    Y   N  Y   N 
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APPENDIX C 
OSWESTRY LOW BACK PAIN DISABILITY INDEX QUESTIONNAIRE 
Revised Oswestry Questionnaire 
PLEASE READ:  This questionnaire is designed to enable your health care provider to understand how much your low back pain has 
affected your ability to manage everyday activities. Please answer each section by circling the ONE choice that most applies to you. We 
realize you may feel that more than one statement may relate to you, but PLEASE JUST CIRCLE THE ONE CHOICE WHICH MOST 
CLOSELY DESCRIBES YOUR PROBLEM RIGHT NOW. 
SECTION 1 – PAIN INTENSITY Section 6 – Standing 
A 
B 
C 
D 
E 
F 
The pain comes and goes and is very mild. 
The pain is mild and does not vary much. 
The pain comes and goes and is moderate. 
The pain is moderate and does not vary much. 
The pain comes and goes and is severe. 
The pain is severe and does not vary much. 
A 
B 
C 
D 
E 
F 
I can stand as long as I like without pain. 
I have some pain while standing but it does not increase with time. 
I cannot stand for longer than one hour without increasing pain. 
I cannot stand for longer than ½ hour without increasing pain. 
I cannot stand for longer than 10 minutes without increasing pain. 
I avoid standing because it increases the pain straight away. 
SECTION 2 – PERSONAL CARE Section 7 – Sleeping 
A 
 
B 
 
C 
 
D 
 
E 
 
F 
I would not have to change my way of washing or 
dressing in order to avoid pain. 
I do not normally change my way of washing and dressing 
even though it causes some pain. 
Washing and dressing increase the pain but I manage not 
to change my way of doing it. 
Washing and dressing increase the pain and I find it 
necessary to change my way of doing it. 
Because of the pain, I am unable to do some washing and 
dressing without help 
Because of the pain I am unable to do any washing and 
dressing without help. 
 
A 
B 
C 
D 
E 
F 
 
I get no pain in bed. 
I get pain in bed but it does not prevent me from sleeping well. 
Because of pain my normal night’s sleep is reduced by less than 
¼. 
Because of pain my normal night’s sleep is reduced by less than 
½. 
Because of pain my normal night’s sleep is reduced by less than 
¾. 
Pain prevents me from sleeping at all. 
SECTION 3 – LIFTING Section 8 – Social Life 
A 
B 
C 
D 
 
I can lift heavy weights without extra pain. 
I can lift heavy weights but it causes extra pain. 
Pain prevents me from lifting heavy weights off the floor. 
Pain prevents me from lifting heavy weights off the floor, 
but I can manage if they are conveniently positioned  (e.g. 
A 
B 
C 
 
D 
My social life is normal and gives me no pain. 
My social life is normal but increases the degree of pain. 
Pain has no significant effect on my social life apart from limiting 
my more energetic interests, e.g. dancing, etc. 
Pain has restricted my social life and I do not go out very often. 
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E 
 
F 
on a table). 
Pain prevents me from lifting heavy weights but I can 
manage light to medium weights if they are conveniently 
positioned. 
I can only lift very light weights, at the most. 
E 
F 
Pain has restricted my social life to my home. 
I have hardly any social life because of the pain. 
SECTION 4 – WALKING Section 9 – Traveling 
A 
B 
C 
D 
E 
F 
Pain does not prevent me from walking any distance. 
Pain prevents me from walking more than one mile. 
Pain prevents me from walking more than ½ mile. 
Pain prevents me from walking more than ¼ mile 
I can only walk while using a cane or on crutches. 
I am in bed most of the time and have to crawl to the 
toilet. 
A 
B 
 
C 
 
D 
 
E 
F 
I get no pain while traveling. 
I have some pain while traveling but none of my usual forms of 
travel make it any worse. 
I have extra pain while traveling but it does not compel me to seek 
alternate forms of travel. 
I get extra pain while traveling that compels me to seek alternative 
forms of travel. 
Pain restricts all forms of travel. 
Pain prevents all forms of travel except that done lying down. 
SECTION 5 – SITTING Section 10 – Changing Degree of Pain 
A 
B 
C 
D 
E 
F 
I can sit in any chair as long as I like without pain 
I can only sit in my favorite chair as long as I like. 
Pain prevents me from sitting more than 1 hour. 
Pain prevents me from sitting more than ½ hour. 
Pain prevents me from sitting more than ten minutes. 
Pain prevents me from sitting at all. 
A 
B 
C 
 
D 
E 
F 
My pain is rapidly getting better. 
My pain fluctuates but overall is definitely getting better. 
My pain seems to be getting better, but improvement is slow at 
present. 
My pain is neither getting better nor worse. 
My pain is gradually worsening. 
My pain is rapidly worsening. 
    
Print name: Signature: Date: 
Comments: Oswestry # 
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APPENDIX D 
NUMERIC PAIN RATING SCALE 
Please use the 3 scales below to rate your pain.  
Circle one number on each line. 
 
  
Rate your Pain            0 = No Pain                               10 = Severe, intense pain 
  
Right Now                        0         1         2         3         4         5         6         7         8         9         10 
 
  
Worst in past 24 hours             0         1         2         3         4         5         6         7         8         9         10 
 
  
Best in past 24 hours                0         1         2         3         4         5         6         7         8         9         10 
  
  
  
  
  
  
_________________________________    ________________________________   ________________ 
                Patient Name (printed)     Patient Signature         Date 
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APPENDIX E 
ROLAND-MORRIS LOW BACK PAIN QUESTIONNAIRE 
 
When your back hurts, you may find it difficult to do some of the things you normally do. 
 
This list contains some sentences that people have used to describe themselves when 
they have back pain. When you read them, you may find that some stand out because 
they describe you today. As you read the list, think of yourself today. When you read a 
sentence that describes you today, mark the box next to it. If the sentence does not 
describe you, then leave the space blank and go on to the next one. Remember, only 
mark the sentence if you are sure that it describes you today. 
 
 
1. I stay at home most of the time because of the pain in my back. 
2. I change position frequently to try and make my back comfortable. 
3. I walk more slowly than usual because of the pain in my back. 
4. Because of the pain in my back, I am not doing any of the jobs that I usually  
do around the house. 
5. Because of the pain in my back, I use a handrail to get upstairs. 
6. Because of the pain in my back, I lie down to rest more often. 
7. Because of the pain in my back, I have to hold on to something to get out  
of a reclining chair. 
8. Because of the pain in my back, I ask other people to do things for me. 
9. I get dressed more slowly than usual because of the pain in my back. 
10. I only stand up for short periods of time because of the pain in my back. 
11. Because of the pain in my back, I try not to bend or kneel down. 
12. I find it difficult to get out of a chair because of the pain in my back. 
13. My back hurts most of the time. 
14. I find it difficult to turn over in bed because of the pain in my back. 
15. My appetite is not very good because of the pain in my back. 
16. I have trouble putting on my socks (or stockings) because of the pain in my back. 
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17. I only walk short distances because of the pain in my back. 
18. I sleep less because of the pain in my back. 
19. Because of the pain in my back, I get dressed with help from someone else. 
20. I sit down for most of the day because of the pain in my back. 
21. I avoid heavy jobs around the house because of the pain in my back. 
22. Because of the pain in my back, I am more irritable and bad tempered with people. 
23. Because of the pain in my back, I go upstairs more slowly than usual. 
24. I stay in bed most of the time because of the pain in my back. 
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APPENDIX F 
FEAR AVOIDANCE BELIEFS QUESTIONNAIRE 
FABQ – Physical Activity          
Here are some of the things which other patients have told us about their pain.  For each statement please 
circle a ny number f rom 0 t o 6 to say how much physical activity such a s bending, l ifting, walking or  
driving affect or would affect your back pain. 
 
 Completely Disagree Unsure 
Completely 
agree 
1.   My pain was caused by physical activity 
 
 0 1 2 3 4 5 6 
2.   Physical activity makes my pain worse 
 
 0 1 2 3 4 5 6 
3.   Physical activity might harm my back   0 1 2 3 4 5 6 
4.   I should not do physical activities which (might) make my pain worse  0 1 2 3 4 5 6 
5.   I cannot do physical activities which (might) make my pain worse  0 1 2 3 4 5 6 
 
 
FABQ – WORK  
The following statements are about how your normal work affects or would affect your back. 
 
 Completely 
Disagree Unsure 
Completely 
Agree 
6.   My pain was caused by my work or by an               accident at work  0 1 2 3 4 5 6 
7.   My work aggravated my pain   0 1 2 3 4 5 6 
8.   I have a claim for compensation for my pain  0 1 2 3 4 5 6 
9.   My work is too heavy for me   0 1 2 3 4 5 6 
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10.  My work makes or would make my pain worse  0 1 2 3 4 5 6 
11.  My work might harm my back   0 1 2 3 4 5 6 
12.  I should not do my regular work with my present pain  0 1 2 3 4 5 6 
13.  I cannot do my normal work with my present pain  0 1 2 3 4 5 6 
14.  I cannot do my normal work until my pain is treated  0 1 2 3 4 5 6 
15.  I do not think that I will be back to my normal work within 3 months  0 1 2 3 4 5 6 
16.  I do not think that I will ever be able to go back to work  0 1 2 3 4 5 6 
 
 
Print Name  ____________________________   Signature_______________________  
 
Date________________  FABQ-PA_______        FABQ-WORK_______ 
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APPENDIX G 
PATIENT GLOBAL INDEX OF CHANGE FORM 
Since the start of my care at this office, my overall status is:  
(check one box only) 
 
1. □ Very Much Improved 
 
2. □ Much Improved 
 
3. □ Minimally Improved 
 
4. □ No Change 
 
5. □ Minimally Worse 
 
6. □ Much Worse 
 
7. □ Very Much Worse 
 
------------------------------------------------------------------------------ 
Please complete the sentence below: 
 
Overall, since I  f irst sta rted t reatment a t th is office I  feel a bout _ _______ %  
improved. 
 
 
Name _____________________________ Signature _______________________________   
 
Date ______________________ 
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APPENDIX H 
TREATMENT EXPECTATIONS QUESTIONNAIRE 
 
1. Have you ever seen a doctor of chiropractic for back or neck pain before today’s visit? 
 
   YES      NO 
 
 
2. If yes, what type of chiropractic adjustment or manipulation did you receive in the past? 
 
   Activator Methods     Hands-on adjustment     Both 
 
   Other ____________________________________ 
 
 
3.  What was your previous experience with this type of chiropractic treatment? 
 
Activator adjustment: 
        1     2  3  4  5  6  7 
Not helpful      Not sure if           Slightly        Somewhat         Helpful    Very Helpful      Extremely 
     at all              Helpful Helpful          Helpful            Helpful 
 
Hands-on adjustment: 
        1     2  3  4  5  6  7 
Not helpful      Not sure if           Slightly        Somewhat         Helpful    Very Helpful      Extremely 
    at all               Helpful Helpful          Helpful            Helpful 
 
 
 
4. One month from now, how do you expect your back pain to be? 
        1     2  3  4  5  6  7 
Much worse     A little     About the same    A little better     Moderately       Much better     Completely 
              worse               better                                            gone 
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5. Do you expect to hear or feel a “pop” or “click” in your back during your chiropractic treatment? 
   YES          NO                              NOT SURE 
 
 
 
6. How do you feel about hearing your back pop or click during chiropractic treatment? 
  GOOD                           NOT GOOD     NOT SURE 
 
 
 
7. How helpful do believe that the following chiropractic methods are for relieving back pain? 
 
Activator adjustment: 
        1        2           3      4     5       6  7 
Don’t expect    Low expectation      Not sure if      Probably will    Expect it to help   Will definitely      Expect it will 
it to help at all    that  it will help       it will help        be helpful         at least a little       be helpful            help greatly 
 
Hands-on adjustment: 
        1        2           3      4     5       6  7 
Don’t expect    Low expectation      Not sure if      Probably will    Expect it to help   Will definitely      Expect it will 
it to help at all    that  it will help       it will help        be helpful         at least a little       be helpful            help greatly           
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APPENDIX I 
SOCIO-DEMOGRAPHIC QUESTIONNAIRE 
What is your gender?   
   Male             Female 
 
 
What is your current age?   I am _______ years old. My date of birth is: _________________ 
 
 
What is your ethnic or racial background?  
  White Caucasian 
  African American 
  Latin American 
  Asian American 
  Other (specify) _______________________________________________________________ 
 
 
What is your current marital status? 
  Single (never married)  
  Married  
  Living with significant other 
  Divorced/separated   
  Widowed 
 
 
What level of education have you completed?  
  Less than high school  
  Graduated from high school    
  Some college 
  Graduated from college  
  Some post graduate work  
  Post graduate degree 
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What is your approximate yearly household income?  
  Less than $20,000   
  $20,000 to 35,000   
  $35,001 to $50,000  
  $50,001 to 70,000   
  Greater than 70,000 
 
 
What is your current employment status? (mark the one category that best describes your current status) 
  Working regular duty full time    
   Working regular duty part time           
  Working light duty or modified position full time   
  Working light duty or modified position part time 
  Temporarily unable to work due to health status 
  Permanently unable to work or retired due to health status 
  Unemployed 
  Home maker (not working outside the home) 
  Student (not currently working) 
       
 
Do you currently smoke or use tobacco products? 
  Yes    No 
 
 
How did your back pain develop? 
  Activities of daily living 
  Motor vehicle accident 
  Work related 
  Sports related 
  Following surgery 
  Slip or fall 
  Other (specify) _______________________________________________________________ 
 
 
Are you currently taking any medications, whether over-the-counter or prescribed? 
  Yes    No 
 
If yes, please list the medications you are taking: ______________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
 
 
As a result of your back pain are you presently receiving worker’s compensation? 
  Yes    No 
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Is your current condition the subject of any legal action? 
  Yes    No 
 
 
Have you ever had back surgery? 
  Yes    No 
 
 
Have you  e ver b een t old b y a doctor t hat you  h ave a  s ignificant spinal problem s uch as  
scoliosis (curvature of the spine), stenosis (severe arthritis of the spine), or spondylolisthesis 
(slippage of vertebrae)? 
  Yes    No 
 111 
APPENDIX J 
STATISTICS OUTPUT AND COMMAND SYNTAX (STATA) 
regress pain4 cohort paincenter expect0 (FINAL MODEL) 
 
      Source |       SS       df       MS              Number of obs =      92 
-------------+------------------------------           F(  3,    88) =    7.02 
       Model |  85.1761505     3  28.3920502           Prob > F      =  0.0003 
    Residual |  356.149936    88  4.04715837           R-squared     =  0.1930 
-------------+------------------------------           Adj R-squared =  0.1655 
       Total |  441.326087    91  4.84973722           Root MSE      =  2.0118 
------------------------------------------------------------------------------ 
       pain4 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
      cohort |  -.8075978   .4406673    -1.83   0.070    -1.683331    .0681359 
  paincenter |   .2717994   .1289979     2.11   0.038     .0154431    .5281556 
     expect0 |  -.6150679   .2043601    -3.01   0.003    -1.021191   -.2089451 
       _cons |    6.62339   1.223084     5.42   0.000     4.192768    9.054013 
 
 
regress paindiff cohort expect0 
 
      Source |       SS       df       MS              Number of obs =      92 
-------------+------------------------------           F(  2,    89) =    4.65 
       Model |  50.8000494     2  25.4000247           Prob > F      =  0.0120 
    Residual |  485.816798    89  5.45861571           R-squared     =  0.0947 
-------------+------------------------------           Adj R-squared =  0.0743 
       Total |  536.616848    91  5.89688844           Root MSE      =  2.3364 
 
------------------------------------------------------------------------------ 
    paindiff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
      cohort |   .4335398   .5117719     0.85   0.399    -.5833399     1.45042 
     expect0 |   .6158241   .2373353     2.59   0.011     .1442439    1.087404 
       _cons |  -.1375407   1.420438    -0.10   0.923    -2.959921     2.68484 
------------------------------------------------------------------------------ 
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. regress paindiff cohort age0 
 
      Source |       SS       df       MS              Number of obs =      92 
-------------+------------------------------           F(  2,    89) =    1.42 
       Model |  16.6209224     2  8.31046119           Prob > F      =  0.2463 
    Residual |  519.531252    89  5.83742979           R-squared     =  0.0310 
-------------+------------------------------           Adj R-squared =  0.0092 
       Total |  536.152174    91  5.89178213           Root MSE      =  2.4161 
 
------------------------------------------------------------------------------ 
    paindiff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
      cohort |   .6706146   .5510676     1.22   0.227    -.4243449    1.765574 
        age0 |   .0106939   .0172832     0.62   0.538    -.0236475    .0450353 
       _cons |   3.028957    .747516     4.05   0.000     1.543659    4.514255 
------------------------------------------------------------------------------ 
 
 
 
 
. regress paindiff cohort age0 expect0 
 
      Source |       SS       df       MS              Number of obs =      92 
-------------+------------------------------           F(  3,    88) =    3.09 
       Model |  51.0983919     3  17.0327973           Prob > F      =  0.0312 
    Residual |  485.053782    88   5.5119748           R-squared     =  0.0953 
-------------+------------------------------           Adj R-squared =  0.0645 
       Total |  536.152174    91  5.89178213           Root MSE      =  2.3478 
 
------------------------------------------------------------------------------ 
    paindiff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
      cohort |   .4239625   .5444913     0.78   0.438    -.6580996    1.506024 
        age0 |   .0018726   .0171609     0.11   0.913    -.0322311    .0359762 
     expect0 |   .6094826   .2436953     2.50   0.014     .1251893    1.093776 
       _cons |  -.1825724   1.475307    -0.12   0.902    -3.114436    2.749291 
------------------------------------------------------------------------------ 
 
 
. regress paindiff cohort age0 expect0  Interaction3 
 
      Source |       SS       df       MS              Number of obs =      92 
-------------+------------------------------           F(  4,    87) =    2.46 
       Model |  54.5430312     4  13.6357578           Prob > F      =  0.0510 
    Residual |  481.609143    87  5.53573727           R-squared     =  0.1017 
-------------+------------------------------           Adj R-squared =  0.0604 
       Total |  536.152174    91  5.89178213           Root MSE      =  2.3528 
 
------------------------------------------------------------------------------ 
    paindiff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
      cohort |  -2.001068   3.122258    -0.64   0.523    -8.206895    4.204758 
        age0 |    .001734   .0171987     0.10   0.920    -.0324504    .0359183 
     expect0 |   .4667342   .3039582     1.54   0.128    -.1374157    1.070884 
Interaction3 |   .3914841   .4962837     0.79   0.432    -.5949334    1.377902 
       _cons |   .6550473   1.820285     0.36   0.720    -2.962967    4.273061 
 
ANOVA tables of output from different regression analyses with pain difference scores from 
baseline to four-weeks as the dependent variable. Key: paindiff = four-week pain score subtracted 
from baseline pain score, cohort = Activator (coded “0”) or manipulation (coded “1”), Age0 = age 
in years, expect0 = treatment expectation score at baseline (0-7 scale), and Interaction3 = expect0 
x cohort. 
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regress odi4 cohort odicenter expect0 
 
      Source |       SS       df       MS              Number of obs =      92 
-------------+------------------------------           F(  3,    88) =    3.59 
       Model |  1696.18102     3  565.393672           Prob > F      =  0.0168 
    Residual |  13863.6451    88  157.541421           R-squared     =  0.1090 
-------------+------------------------------           Adj R-squared =  0.0786 
       Total |  15559.8261    91    170.9871           Root MSE      =  12.552 
 
------------------------------------------------------------------------------ 
        odi4 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
      cohort |  -1.468771   2.749729    -0.53   0.595     -6.93328    3.995737 
   odicenter |   .2542185   .1030776     2.47   0.016     .0493735    .4590635 
     expect0 |   -2.55532   1.277345    -2.00   0.049    -5.093775   -.0168642 
       _cons |   32.10602   7.644142     4.20   0.000      16.9149    47.29715 
------------------------------------------------------------------------------ 
 
 
 
 
regress odidiff cohort 
 
      Source |       SS       df       MS              Number of obs =      92 
-------------+------------------------------           F(  1,    90) =    1.66 
       Model |  429.457568     1  429.457568           Prob > F      =  0.2007 
    Residual |  23257.4446    90  258.416051           R-squared     =  0.0181 
-------------+------------------------------           Adj R-squared =  0.0072 
       Total |  23686.9022    91  260.295628           Root MSE      =  16.075 
 
------------------------------------------------------------------------------ 
     odidiff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
      cohort |   4.372037   3.391434     1.29   0.201     -2.36564    11.10971 
       _cons |   20.67925   2.208116     9.37   0.000     16.29244    25.06605 
------------------------------------------------------------------------------ 
 
 
 
 
regress odidiff cohort expect0 
 
      Source |       SS       df       MS              Number of obs =      92 
-------------+------------------------------           F(  2,    89) =    2.75 
       Model |  1378.67582     2  689.337911           Prob > F      =  0.0694 
    Residual |  22308.2264    89  250.654229           R-squared     =  0.0582 
-------------+------------------------------           Adj R-squared =  0.0370 
       Total |  23686.9022    91  260.295628           Root MSE      =  15.832 
 
------------------------------------------------------------------------------ 
     odidiff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
      cohort |   2.556593   3.467949     0.74   0.463    -4.334147    9.447333 
     expect0 |    3.12971   1.608269     1.95   0.055    -.0658854    6.325306 
       _cons |   2.432444   9.625397     0.25   0.801    -16.69301     21.5579 
------------------------------------------------------------------------------ 
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regress odidiff cohort age0 
 
      Source |       SS       df       MS              Number of obs =      92 
-------------+------------------------------           F(  2,    89) =    0.84 
       Model |  440.709122     2  220.354561           Prob > F      =  0.4335 
    Residual |  23246.1931    89   261.19318           R-squared     =  0.0186 
-------------+------------------------------           Adj R-squared = -0.0034 
       Total |  23686.9022    91  260.295628           Root MSE      =  16.161 
 
------------------------------------------------------------------------------ 
     odidiff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
      cohort |   4.662785   3.686166     1.26   0.209    -2.661548    11.98712 
        age0 |   -.023995   .1156098    -0.21   0.836    -.2537091    .2057192 
       _cons |   21.60916   5.000237     4.32   0.000      11.6738    31.54453 
------------------------------------------------------------------------------ 
 
 
 
regress odidiff cohort age0 expect0 
 
      Source |       SS       df       MS              Number of obs =      92 
-------------+------------------------------           F(  3,    88) =    1.95 
       Model |  1476.64612     3  492.215374           Prob > F      =  0.1274 
    Residual |  22210.2561    88  252.389273           R-squared     =  0.0623 
-------------+------------------------------           Adj R-squared =  0.0304 
       Total |  23686.9022    91  260.295628           Root MSE      =  15.887 
 
------------------------------------------------------------------------------ 
     odidiff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
      cohort |   3.310763   3.684451     0.90   0.371    -4.011309    10.63283 
        age0 |  -.0723491   .1161239    -0.62   0.535    -.3031209    .1584227 
     expect0 |   3.340875   1.649032     2.03   0.046      .063771     6.61798 
       _cons |   4.005182   9.983075     0.40   0.689    -15.83408    23.84444 
------------------------------------------------------------------------------ 
 
 
 
regress odidiff cohort age0 expect0 Interaction3 
 
      Source |       SS       df       MS              Number of obs =      92 
-------------+------------------------------           F(  4,    87) =    1.48 
       Model |  1508.49427     4  377.123568           Prob > F      =  0.2154 
    Residual |  22178.4079    87  254.924229           R-squared     =  0.0637 
-------------+------------------------------           Adj R-squared =  0.0206 
       Total |  23686.9022    91  260.295628           Root MSE      =  15.966 
 
------------------------------------------------------------------------------ 
     odidiff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
      cohort |  -4.062971   21.18784    -0.19   0.848    -46.17609    38.05015 
        age0 |  -.0727705   .1167117    -0.62   0.535    -.3047476    .1592066 
     expect0 |   2.906824   2.062679     1.41   0.162    -1.192975    7.006623 
Interaction3 |   1.190377   3.367812     0.35   0.725    -5.503514    7.884267 
       _cons |   6.552113   12.35257     0.53   0.597    -17.99995    31.10418 
 
 
ANOVA tables of output from four regression analyses with mean Oswestry (ODI) difference scores from 
baseline to four-weeks. Key: odidiff = four-week ODI score subtracted from baseline ODI score, cohort = 
Activator (coded “0”) or manipulation (coded “1”) group, age0 = age in years, expect0 = treatment 
expectation at baseline (0-7 scale), Interaction3 = expect0 x cohort. 
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